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Introduction 


So far, the concept of natural focality has been devel- 
oped in its relation to infections transmitted from animals 
to man and parasitic diseases, helminthiases in particular. 
The field it covers is extremely wide, involving a consider- 
able number of diseases, many of them not fully explored, 
and enormous territories that contain diffuse natura] foci 
which are either intact or, as in most cases, affected to a 
varying degree, directly or indirectly, by the activities of 
man. The latter tend either to weaken and suppress or, in- 
versely, to activate such foci, sometimes even originating 
new foci of anthropurgic origin. 

Accordingly, practical work on diseases with natural 
foci requires a knowledge of the following: 

(1) focal structure, location and environment; 

(2) social factors determining human exposure in focal 
areas; 

(3) combined specific and non-specific measures to be 
adopted for prevention of the disease. 

The respective therapy, although equally vital, cannot 
be examined hereunder, as constituting a matter of purely 
clinical interest. 

The substantial experience accumulated on the subject 
was utilised in 1939 to formulate the theory of diseases 
with natural foci. 

The present book contains informative and methodolog- 
ical data for work on the epidemiology and epizootology 
of a number of diseases with different types of foci either 
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confined to their natural environments, or penetrating more 
or less easily into the direct neighbourhood of man, some- 
times even into human dwellings. The solution of the tasks 
put before the Soviet public health service by the current 
Seven-Year Plan, will necessitate extensive and diversified 
research on the subject throughout the territory of the 
U.S.S.R. The problem being as multifold as it is, the work 
will require the participation of different specialists. 
Success will follow on the correct positioning of scientific 
forces and proper coordination of efforts. 

The results achieved to date are due, primarily, to the 
sound faunistic and ecologo-parasitological grounding of 
the theory, which provides a firm basis for special virolog- 
ical, microbiological and epidemiological studies and pre- 
ventive measures which, taken as a whole, must solve the 
problem as it stands today. However, as always in science, 
the solution of the problem in the first approach puts 
forward a range of new problems, more concrete, and, 
perhaps, more difficult to solve. 

The compilers of the book were confronted from the 
outset with the fundamental difficulty of determining the 
structure of its contents. The question was: (a) whether or 
not it should be a complete manual on all aspects of the 
problem, and (b) which class of specialists should it serve 
—the field or laboratory worker with considerable experi- 
ence in the subject, or biologists and physicians taking 
their first steps? The former, most probably, would look 
for concrete instructions of special character, while the 
latter would expect information, though essential to them- 
selves, yet presenting no novelty to workers with greater 
experience in the same fields. The difficulty of satisfying 
both categories is self-evident, since the book can in no 
way lay claim to encyclopacdic scope. 

As a first attempt at compiling an informative and 
methodological guide, the book’s purpose is to acquaint 
the reader with the essence of the problem as a whole, to 
point out its related components, and give an idea of the 


6 


general and specific lines along which investigations should 
be conducted, in such a way that each specialist might as 
certain his place in the broader complex of work, and visu 
alise the relationship of different specialities in elaborating 
the general and specific aspects of the problem 


Academician Y N Pavlovsky 


THE CURRENT STATUS OF THE THEORY 
OF NATURAL FOCALITY OF HUMAN DISEASES 


I 


At present, the principles of the theory of natural focal- 
ity apply to the following diseases 

(1) viral seasonal encephalitides—tick-borne (including 
Scotch louping 11!) and mosquito borne (Japanese), two- 
wave meningoencephalitis, Jymphocytic choriomeningitis, 
pappatac: fever (probably), rabies, psyttacosis and orni- 
thoses 

(2) rickettsioses Rocky Mountain spotted fever (US A), 
Japanese river fever, South East Asian scrub typhus, Medi- 
terranean fever, rickettsioses of Asia (Siberia and Far 
East), 

(3) spirochetoses tick-borne relapsing fevers of Africa 
and the countnes of the tropical zone, Persian tick-borne 
typhus tick borne spirochetoses of Central Asia, Trans- 
caucasia and Northern Caucasus, 

(4) leptospiroses with different forms of causative 
agents, 

(5) mycoses actinomycosis, 

(6) bactenoses plague, tularemia, brucellosis, anthrax, 
histerellosis 

(7) protozooses cutaneous leishmaniasis (desert form), 
hala-azar, African sleeping sickness, Chagas’ disease of 
South America, toxoplasmosis, 
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(8) helmunthiases — trichimellosis, _diphyllobothnasis, 
sparganosis, echinococcosis, opisthorchosis, clonorchiosis, 
paragonimiasis, schistosomiasis, etc , 

(9) arachnoses animal mange (transmissible to man) 

(10) entomoses myiases (Wohlfahrt’s fly) dermatobia 
sis (South America) 

Most of the above have been revealed in the USSR, 
although, doubtlessly, there are more to be discovered 

Hence, the immediate objectives of medicobiological 
research are (a) exploration for as yet unrevealed diseases 
with natural foci (b) detauled investigation of the structure 
and environments of foci already revealed, (c) determina 
tion of their geographic and topographic distnbution 
(d) experimental and field research on methods of control 
and possibly, elumination, (e) elaboration of individual 
and mass scale preventive measures for workers and vist 
tors in areas known or suspected to contain natural in- 
fective foci 

Hereunder, we shall examine the procedural systems 
which are common for all research on natural foci of 


infection 
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In its first concrete formulation, the theory of natural 
focality, illustrated with examples of the fundamental 
types of corresponding diseases, was expounded by the 
author of thts paper at the general meeting of the USSR 
Academy of Sciences on May 29 1939, and was published 
in Vestnik Akademn Nauk SSSR (Annals of the USSR 
Academy of Sciences), No 10 for the same year 

In the 20 years which have elapsed since then, the theory 
has been widely acclaimed, and its basic principles applied 
in epidemiologic research by various institutes in many 
parts of the Soviet Union In Leningrad such work was 
done by the general biology ind parasitology depastment of 
the Kirov Military Medical Academy, recently awarded the 
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Order of Lenin In due course, the departments of micro 
biology, epidemiology, infectious and nervous diseases of 
the same Academy also took part in the work Faunolog- 
ical, ecological and methodological work of lasting im- 
portance was carried out by the Zoological Institute, 
USSR Academy of Sciences, with the participation of 
entomologists, parasitologists and ornithologists On the 
establishment of the former Gorky Al! Union Institute of 
Expermmental Medicine (VIEM), the author was invited to 
organise its parasitology department, whose sphere of 
activities was shortly afterwards extended to include the 
organisation of parasitological expeditions On the trans- 
fer of the aforesaid Institute to Moscow, the department 
of parasitology had to be set up anew, considerably ex 
panding the scope of expeditional research 

The institution of a number of affilhated research stations 
and branches of the Academy of Sciences of the USSR, 
permitted the extension of such research to large areas in 
Central Asia (particularly Tajikistan, Turkmenia, etc ) 
With the endorsement of the USSR Academy of Medical 
Sciences, the aforesaid department was transferred to the 
Gamaleya Epidemiology and Microbiology Institute under 
the auspices of the said Academy, and then reformed into 
the department of diseases with natural foc 

Extensive work on the subject 1s being done at the Zool- 
ogy and Parasitology Institute of the Kazakh SSR 
Academy of Sciences, the Saratov “Microbe” and many 
other institutes in different parts of the USSR 

It 1s heartening to witness the increasing influence of 
the theory on the work of scientists in other socialist coun- 
tries, particularly Czechoslovakia (and through her aid 
Yugoslavia) and Poland The first successful investigations 
have been accomplished in the Chinese People’s Republic 

The theory of diseases with natural foc: has been 1n- 
cluded in parasitological and epidemiological textbooks 
and manuals With the :mpressive growth in hterature and 
numerical increase of medical and biological institutions 
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directly or indirectly engaged in developing various asso- 
ciated problems, new branches of research appear, while 
the older assume more definite contours, contnbuting to 
overall theoretical and practical progress in the field 

To offer an idea of the most feasible fines of future 
research, it will be of benefit to re-outline the essentials of 
the theory, defining, in the first place, the modern concept 
of a natural focus of disease 

A natural focus 1s a section of terrain marked by a 
definite biogeocenosis which 1s charactensed by more or 
less clearly defined biotopes, and the presence of biocenoses 
which, apart from indifferent components, include animals 
acting as hosts for the causative agent and as donors for 
blood sucking Acarina or other insects that may become 
vectors and transmit the pathogen to susceptible animals 
(recipients) The pathogen is transmitted alimentary, as 
the vector sucks first the blood of the donor and then 
recipient, The intervals between the two blood meals may 
vary widely, depending on the parasite’s biology (meta- 
morphosis, frequency, or snversely, extreme ranty of blood 
meals) and on abiotic environmental factors promoting or 
at least not hindering the pathogen's development in the 
vector organism, nor inhibiting the latter's need for fresh 
blood The focal biocenosis proper and the relationships 
within it were originated in the course of evolution of hive 
beings on the given geosubstratum independent of the 
evolution of man, sometimes, probably, even prior to his 
appearance on earth 

The natural focus of a given disease may exist only 
while the vector continues to transmit the pathogen from 
donors to recipients In this manner, the circulation of the 
pathogen 1s maintained, and 3f it stops, the focus ceases 
to exist 

A natural focus may become a source of infection for 
man when non immune individuals enter the focal area 
with hungry pathogen carrying vectors present. These, 
being attracted by such welcome prey as man, attack, 
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draw blood and simultaneously deposit the pathogen con 
tained in their salva m his body This happens in the 
course of the pathogen’s circulation in the vector’s body, 
when the portal of exit are its salivary glands and per- 
forative mouth organs As a result of attack by an in 
fected vector, the human victim may fall ill, provided 
that the pathogenic dose introduced 1s sufficient and 
the given pathogen strain 1s not weakened due to its own 
variability or other causes In its clinical form, the resultant 
disease may range from formes frustes to severe and some 
times lethal cases 

Despite the introduction of the pathogen into the body, 
the disease may not be clinically manifest Thus, when 
moculating white mice with a suspension of the virus of 
tick borne encephalitis prepared from the crushed viscera 
of an infected Ixodes persulcatus, most mice contract the 
disease and die with the typical symptoms, whereas some 
are completely unaffected, remaming so at all further 
lethal inoculations, 1 e , obviously becoming immune Hence, 
the virus of tick-borne encephalitis may have a dual effect, 
either killing or 1mmunising the victim (Y N Pavlovsky 
and V D Solovyov) 

The aforesaid suggests a conclusion of major importance 
for correct assessment of the results of experimental infec- 
trons with apparently negative results, viz, such experi 
ments may not be set down as failures without the most 
careful analysis After inoculation, animals not contracting 
the disease should be thoroughly examined, which may be 
done in different ways So, when infecting guinea pigs 
with blood containing the pathogen of tick borne relapsing 
fever, part of the animals may reveal no spirochetes even 
in repeated thick film blood tests But if, subsequently, 
a cerebral suspension from the same animals is injected 
into healthy specimens, the latter may sometimes prove 
spirochete carriers Hence it follows that the first expen- 
ments must have occasioned a kind of latent infection 
which became manifest in the second series These findings 
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necessitate for caution in determining, for example, the 
percentage of spontaneously infected 1xodid vectors in 
the tick population under survey 

Experiments showing the :mmunising function of visceral 
suspensions from ticks infected with tick borne encepha- 
lits, provided the clue to a hitherto mysterious phenomenon 
observed by epidemiologists The serum of people never 
afflicted with spring summer encephalitis, revealed ant: 
bodies to the latter’s infective agent, which was testified 
by neutralisation of the active virus by a definite titre of 
serum The real nature of this important phenomenon 
remained obscure until the described experiments on white 
mice provided an explanation Apparently, the persons in 
question had visited localities where they had fallen prey 
to spontaneously infected vector ticks which had served 
in their case, as a syringe with live vaccine 

Expenments with the yellow fever virus employing 
vector mosquitoes sustained under various temperatures, 
conclusively showed that, in colder environments, incuba 
tion time increases until a certain Lmit when the vector 
no longer infects experimental animals, but renders them 
immune to the disease Similar changes in the effects of 
the pathogen of tick borne encephalitis are evidently un- 
related to temperature, since within certain bounds this 
virus is indifferent to cold, at any rate, in nature The 
early spring outbreaks of the disease sn man are due to 
attacks of hungry spontaneously infected ticks emerging 
from hibernation The amount of ticks participating in the 
attack and hence, the dose of virus introduced, may hke- 
wise be important, but there might also be other factors 
as yet hypotheticat 

The variability of the virus proper may be important as 
well Of course, this question belongs, mainly, to the sphere 
of virology, but, justifiably, certain ecological considera- 
tions may also be put forward Practically, the virus of 
tick borne encephalitis 1s always contained in the body of 
a mammal or bird host or :xodid vector In the course of 
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the pathogen’s circulation in the focal biocenosis, each 
of these animals in turn serves as ats environment And, 
since the tick vector of this disease may feed on many 
species of mammals and birds, 1n practice, the viral strains 
circulate through a wide range of animals, forming such 
chains as Amur hedgehog tick chipmunk tick-wood hen 
tick wolf cub, etc Biochemically, the aforesaid are non 
equivalent, which naturally prompts one to ask, might not 
such a varied succession of hosts affect the biology of the 
given strain? In other words the genealogy of different 
virus strains may vary widely in regard to transition from 
host to host 

Do the specific features of different virus strains remain 
immutable in the course of circulation through the bodies 
of various spectes of mammals, birds and reptiles? One of 
the primary tasks of experts is to determine the importance 
of these animals as recipients of the virus borne by in 
fected Ixodes At every given moment, the genealogy of 
a virus 1s a matter of the past, its sequence being smpos 
sible to reconstruct Nevertheless, a certain approxima 
tion to an assay of the effects of a host body as an en 
vironment on the qualitative status of the virus may be 
achieved in laboratories with a sufficient choice of experi 
mental wild ammals The department of diseases with 
natural foc: of the Gamaleya Epidemiology and Micro 
biology Institute, USSR Academy of Medical Sciences 
(medical zoology and parasitology dept, former VIEM) 
possesses a vivarium with wild animals and birds, where 
experimental investigations have been made on a number 
of aspects of the epidemiology of transmissible diseases 
and the biology of animals serving as reservoirs for various 
infective agents Considerable organisational athievements 
have been gained in the Zoology and Parasitology Institute 
of the Kazakh Academy of Sciences, Alma Ata, where a 
field station has been set up with a vivarium of wild animals 
hitherto unutulised in laboratories and maintained under 
conditions almost indistinguishable from their natural 
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environments Here experiments may be staged on much 
larger wild animals than ever employed for such purposes 
before. 

Dealing with the problem of the possible variability of 
the pathogens of diseases with natural foci (viruses, etc), 
it 1s necessary to consider yet another aspect of the circum 
stances under which the pathogen exists in a vertebrate 
host. If, in expernments, the birth of an animal takes place 
under strictly aseptic conditions, the newly born animal 
may be sterile and continue as such if afforded aseptic 
maintenance, food and water When released into custom- 
ary conditions, the animal soon becomes populated with 
bacteria, fungi, Protozoa, and Jater, helminths Al! such 
population, which 1s alien to the animal and inhabits its 
open organic systems, ts known as a parasitocenosis 

The terms parasitocenosis and biocenosis are by no 
Means synonymous The latter, as a community of various 
flora and fauna, 1s the result of evolution and may exist 
more or less continually without appreciable change. On 
the other hand, a parasitocenosis forms under conditions 
arising during the individual development and growth of the 
host, and 1s specifically unstable and varies rapidly The 
microbes pathogenic to the given organism, on entering the 
latter, are surrounded by the species comprising the para- 
sitocenosis of the respective organic system, which may 
Jead to different consequences Some components of the 
parasitocenosts may be indifferent to the infective agent, 
others may inhibit its pathogenic activity (live antibiotics), 
while still others may prove to be synergists, enhancing :ts 
virulence Such a multiformity of intraspecific relation- 
ships in the parasitocenosis may either cause diseases of 
different severity in the macroorganism, or make 1t a symp- 
tomless parasite carrer In cases like these we observe 
variations in the infective agent’s virulence occasioned by 
other species of the same parasitocenosis systematically 
differing from the former At present, convincing data are 
available showing the positive and negative relationships 
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between bacteria and Protozoa on the one hand, and Pro- 
tozoa and parasites on the other, in the intestine of a child 

The above shows that in the course of diagnostic or ex- 
perimental studies, analysis should not be restricted to dis- 
closing the conventionally recognised causative agent, but 
should strive likewise to identify other components of the 
parasitocenosis All thisisimportant not only for an under- 
standing of the pathogenesis of the given case or the course 
of the given experiment, but also for the success of therapy, 
possibly requiring additional measures such as expulsion 
of helminths which may handicap the course of otherwise 
successful treatment in various diseases caused by viruses, 
bacteria and other infective agents The aforesaid consid 
erations prompted the author to a synthesis of the concept 
of diseases with natural foci and the theory of parasito- 
cenoses (Y N Pavlovsky) 
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In the numerous expeditions conducted during the last 
twenty years by various medical institutions under the aus- 
pices of the USSR Munustry of Public Health (former VIEM, 
etc ) which involved multilateral anvestigation of problems 
as yet undealt with by the public health service, eg, the 
“cerebral diseases” of the Far East, which proved to be 
seasonal transmissible encephalitides, as well as other mal- 
adies, the active partrcipation of zoologists, ecologists and 
parasitologists proved highly beneficial The latter’s partic- 
ipation was necessitated by the fact that the cardinal epi- 
demiologic characteristics of these diseases proved essen- 
tially biological, their foci being harboured in nature and 
occurring in such “wild” places where man had never set 
foot 

From the very outset, the studies revealed cases of cer- 
tain specific diseases encountered sn unpopulated areas of 
the taiga, desert or steppe This led to the a prtor: conclu- 
sion that man could receive the infective agents from no- 
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where else but sources of infection concealed in nature 
Another cause for meditation was the more or less clear 
cut seasonal character of the outbreaks, the fact that they 
began and developed in spring and summer All these find 
ings and considerations led to the elucidation of the en 
demic mechanism of the whole group of diseases 

The entire course and results of these studies demon 
strated the benefit of the participation of zoologists and par 
asitologists 2n the solution of cardinal problems of the epr 
demiology and epizootology of diseases which initially exist 
as zoonoses, but later, under definite conditions of place 
and time, may become zooanthroponoses A considerable 
part of this work fell to the fot of such institutions under 
the authors supervision as the general biology and par- 
asitology department of the Military Medical Academy, the 
parasitology department of the Zoological Institute (and 
later the institute itself) of the USSR Academy of 
Sciences, the parasitology department of the former VIEM 
and the medical zoology and parasitology department (now 
department of diseases with natural foci) of the Gamaleya 
Epidemiology and Microbiology Institute of the USSR 
Academy of Medical Sciences, and certain other institu- 
tions However, the benignity of such participation could 
not have emerged immediately, without prolonged prelimi- 
nary research and more or less definite onentation, which 
served, in aggregate, as the methodological premises for 
the ultumate successful solution, 1n co)laboration with med 
ical experts of an epidemiological problem of major im 
portance The said preliminary investigations had pursued 
their own purposes and were initiated for different reasons 
but subsequently proved not only useful, but virtually in 
dispensable in coping with new, profoundly important 
tasks We speak of these investigations on the basis of 
concrete personal expenence, and with the sole intention 
of demonstrating the need for the competent participation 
(on equal terms) of expert biologists in the all round ¢labo 
ration of major medical problems 
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The seasonal nature of diseasés occurring in unpopulated 
areas, led to the supposition that such diseases were trans- 
mitted from animals to man, and hence, spread through 
some kind of vectors—blood-sucking ticks or insects 

Consequently, 1t 1s essential to be able to precisely define 
the species of the surmused vectors, which 1s made pos- 
sible by the use of properly compiled identification refer- 
ence reflecting more or less exhaustively the composition 
of the tick and insect fauna The task of compiling such ref- 
erence hes with zoologists specialised in systematics and 
faunistics. Identification should be carried out with all pos- 
sible care Whenever doubts anse, the investigator should 
consult competent specialists, Jaying aside the tick and 1n- 
sect specimens in question for the latter’s examination 
Unfortunately, the general zoological knowledge of many 
physicians 1s extremely limited, owing to the replacement 
of medical zoology departments in medical colleges by de- 
partments of general biology 

All medical workers jointly engaged mm various activities, 
especially field or experimental research, should invariably 
be governed by the following dictum The specific :denti- 
fication of any animal which the physician has to do with 
in the course of diagnostic, hygienic and epidemfological 
investigations, should be carried out with no less funda- 
mental accuracy than the determination of bacteria and 
other microorganisms In responsible or newly initiated 
Investigations such work should be done in consultation 
with expert zoologists, conducting 1t with the combined 
participation of mammalogists, ornithologists, parasitolo 
gists, etc 

It 1s not enough, however, to be able to determine the 
species of this or that parasite, vector or host It is nec- 

essary, likewise, to know where to find it 4n the environ- 
ment—whether in the immediate surroundings of man, or 
in nature Such searches are conducted to establish the po- 
tential epidemiological hazards of a given area for medical 
and practical purposes Work of ths kind requires famuli- 
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arity with the techniques of collecting ticks, insects, rodents 
and other animals, acquaintance with methods of live main- 
tenance for observation of the life cycle and biology, for 
various experiments (testing insecticides, repellents, etc) 
and for parasitologists and epidemiologists to determine 
the spontaneous or experimental incidence of this or that 
infective agent Hence, it 1s incumbent upon zoologists of 
different specialities to draw up special instructions, manu- 
als, methodologic handbooks, etc, for the above-named 
purposes Fortunately, such literature 1s readily available 

Territorial surveys, undertaken as part of more compre- 
hensive investigations, may necessitate not only the col- 
lection of animals, but also the establishment of their hab- 
itats, analysis of the abiotic environmental factors and 
specific composition of the respective biocenosis, and elu- 
cidation of the amimmals’ interbiocenotic relationships All 
these problems are the subject of descriptive and exper- 
imental] ecology and biocenology The findings of such in- 
vestigations provide the microbiologist, virologist and par- 
asitologist with excellent material for tracing the circula- 
tion of this or that infective agent among the members of 
the biocenosis and determining the key participants in the 
process Such analysis follows as the termination of com- 
bined investigations in a natural focus of disease, revealing 
its epizootological structure and the conditions under which 
the zoonosis represented 3n the focus may develop into a 
zooanthroponosis 

An essential part in preparing for such combined invest- 
gations was played by our own work conducted in 1923- 
1925 in the former Novgorod district with the tick Ixodes 
ricinus (Y N Paviovsky, D I Blagoveshchensky, B I Po- 
merantsev, N I Alfeyev, et al) Its purpose was to deter- 
mine the anunals on which the parasite fed and establish 
the mosaic of the tick’s distribution over a selected part of 
the area under survey, which depends on the features of 
its habitats—~the loca) vegetation and animal popujation 
An “infestment calendar” was drawn up for the tuck’s prin- 
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cipal hosts among the wild fauna, as well as special tables 
showing the dynamics of cattle infestment in their rela- 
tion to grazing and to the way the cattle were utilised by 
man (effects of the social factor) Special tick nurseries 
were maintained through the winter to establish the length 
of tick metamorphosis, which proved considerably different 
from laboratory findings All these measures were under- 
taken for the study of Ixodes ricinus, the specific vector of 
cattle piroplasmosis (babesiasis) and the experimental de- 
velopment of control measures as part of preventive cam- 
paigns against outbreaks of the disease among cattle 

The works on ticks and other ectoparasites, later con- 
tinued by the All-Union Plant Protection Institute of the 
Lenin All Union Agricultural Academy, are described in a 
compendium entitled Cattle Pests (USSR Academy of 
Sciences, 1935) A notable item 1n the latter 1s the classic 
work of B I Pomerantsev “On the Origin of Tick Foc: in 
the Leningrad Region” whose significance becomes all the 
greater with the establishment of the role of I ricimus in 
transmitting the agent of tick borne encephalitis The re- 
search techniques worked out in the former Novgorod dis- 
trict for investigations on Ixodes ricinus, and the respec- 
tive methods for the study of the genus Dermacentor, were 
fully apphed in Far Eastern expeditions (1937-1941) de 
voted to seasonal encephalitis Apart from other reasons, 
this was thanks to the assistance of G Serdyukova, a par- 
taker in the Novgorod investigations on ticks, who partic- 
ipated in expeditions on encephalitis carried out in the 
Khabarovsk district and in the Suputinsk forest reserve 
further south 

Of all our numerous expeditions, the highest standards, 
as regards coordination of zoological and parasitological 
research and rational employment of expert personnel, were 
achieved in the three year studies made 1n the Gissar valley 
near Dushanbeh (Tajikistan), organised to discover the tick 
vector of bovine haemosporidioses and to develop specific 
prevention techniques The expedition was sponsored by 
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the Zoology Institute of the USSR Academy of Sciences 
and the Tapik base (later branch) of the same in Dushan- 
beh 

The pnncipal work was carned out by Zoologists, among 
them the omithologist A I Ivanov, the herpetologist 
S A Chermoy, the parasitologist B V. Lototsky and the 
vetermanan I G Galuzo, Dr Sc (Biology) 

The zoologists explored the area of the valley and the 
bordering flanks of the Gissar mountain range The terri- 
tory was divided into zones according to morphology, flora 
and cultivation The zoologists shot and trapped specimens 
of vertebrate fauna, noting the sites of collection The re- 
sult of these works was a complete record of all the ver- 
tebrate fauna of the valley, drawn up by zones Each of 
the animals was identified by expert zoologists, catalogued 
with reference to the site of collection, and delivered under 
identification numbers to the parasitological laboratory 
Here they were carefully examined by the laboratory staff, 
who removed all ectoparasites, chiefly ticks, and took blood 
tests, after which the carcasses were returned to the zool- 
ogists All the received information was entered 1n the jour- 
nal together with the amount, species and metacyclic stages 
of the removed ectoparasites The matertals obtained were 
conserved for museum display or employed for experi- 
ments The entire work proceeded with conveyor-like regu- 
larity, and in the shortest nossible time provided such a 
wealth of material as no singly working parasitologist could 
ever hope to collect A distinctive feature of these studies 
was our endeavour to conduct the work throughout the 
year, simultaneously observing domestic animals main- 
tained under hike conditions 

A complete parasitologic novelty were regular winter in- 
spections of domestic animals for ticks with special note 
of the places where cattle were maintained in the winter, 
which in those extreme south easterly parts of the USSR 
ts Comparatively mild 
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As regards organisational standards the entire system 
of research in this multipurpose, but basically epizootolog- 
ica] expedition, as yet remains unsurpassed In the course 
of the work, we were able to determine the valley’s ixodid 
fauna (altogether 16 species), as well as the stage to stage 
calendar of their life cycle, the metamorphosis of indi- 
vidual tick species and their seasonal association with var- 
tous species of mammals, birds and domestic animals The 
expedition also located the abodes of replete ticks detached 
from their hosts, establishing the respective habitats and 
microhabitats where moulting, egg laying and hatching took 
place We likewise made electrometric assays of tempera- 
ture and humidity variations for different seasons and even, 
im certain cases, different hours of the day and might A 
special summary table showed the habitat, time, quantity 
and host of the larvae, nymphs or females of each tick 
species parasitising the particular host The vector species 
of haemosporidioses (Taylor’s disease and piroplasmosis) 
being known earher and the vector ticks’ preying time 
being reflected in the summary tables, an idea could be 
formed of the periods of cattle infection and the pasturing 
sites where cattle were hable to contract the disease from 
parasite ticks 

These important data were accompanied by information 
on the altitudinal distribution of ticks, which 1s especially 
vital for alpine countries like Tajikistan In the very first 
year of investigations, the alpine pastures were found to 
be free of ticks The transfer of pedigree cattle from the 
lowlands to these areas saved the animals which had 
survived the epizootic then devastating the whole 
valley 

The extension of ecologofaunistic research on the alti- 
tudinal and regional prevalence of Ixodidae over the entire 
territory of the republic, enabled the latter to be classified 
into regions actually and potentially hazardous or non 
hazardous in regard to epizootics A special map to the 
effect was drawn up likewise 
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On the terntory of the USSR, the vanous species of 
Ixodidae are the vectors of diseases affecting not only do- 
mestic animals, but also man Hence, :t 1s all the more vital 
to make joint use of eptzootological and epidemiological 
information in concretising and modifying the results of 
investigations on pests which are of common interest to 
cattle husbandry and public health, especially with 1 view 
to adopting coordinate measures for contro! and preven- 
tion of human and cattle diseases prevalent on one and the 
same territory Unfortunately, as yet, the necessity of such 
cooperation has not been fully realised 

The use of the aforesaid techntaue of faumistic and eco- 
logoparasitological field work combined with laboratory re 
search, resulted in the discovery of natural foci of the 
desert form of cutaneous Jeishmamasis (Pendinski ulcer, 
Borovsky’s disease, or, in Turhmenian, murgabu) and the 
successful accomplishment of an experiment in elzminating 
such a focus by poisoning and bloching multitudinous ger 
bil burrows—the elementary foc: of this disease (N J La- 
tyshev) An important preliminary for experiments of this 
kind was the discovery by P Viasov and P Petrishcheva of 
the existence of Phlebotomus in nature—in burrows and 
other harbourages outside domestic and service premises 
In regard to the natural foct of tick borne relapsing fever 
in Central Asia, tt was demonstrated that the pnncipal 
members of such foc: may migrate to crude cattle shelters 
and human dwellings and there form new foci 

The extensive works on tularemia, conducted in the 
USSR revealed the existence of natural foc: of this dis 
ease associated with ixodid ticks mbhabiting on pastures 
For all the extreme multiplicity of routes through which 
tularemia may be contracted, the principal part in main 
taimng its causative agent 17 nature 1s played by Ixodidae 
(N G Olsufyev) 

The result of our year round observ1tions on Ixodidae in 
Taykistan was a discovery of major practical :mpo-tance 
The tick vectors of the pathogens of cattle diseases nber 
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nated on cattle, which apparently served them as shelter 
during the comparatively mild local winter Another cir- 
cumstance of economic :nterest, was that cattle spent win- 
ter not on grazing grounds but near farms, where the ticks 
wintering on cattle concentrated as well This offered an 
opportunity to eliminate the ticks together with all actual 
vectors among them, employing various dry acaricides 
(dust, etc) * 

As a final practical outcome of all these and associated 
investigations, special instructions were drawn up on the 
mandatory control measures against diseases transmitted 
by Ixodidae on the territory of the Tayik S S R 2 The organ- 
isational principles of research and the rational coopera- 
tion of zoologists—specialists in faunistics, ecology, para 
sitology and epizootology, offer an exemplary model, fully 
applicable methodologically to epidemiological expeditions 
and easily modified with regard to the area, time and con- 
crete purposes of the new work in hand 

It 1s essential to make use of the extensive new liter- 
ature on the subject, e g, individual volumes of The Fauna 
of the USSR, and the specially published series of meth- 
odological aids (a) Handbook for Forest Belt Workers, 
(of which directly concerned with parasitological and other 
research on diseases with natural foci are issues Nos 1, 3, 
6, 10, 13, 14, 15, 16, 17, 21, 22), (b) Fteld and Laboratory 
Worker's Manual (several issues) Of the non-serial publi 
cations of the Zoology Institute, see the Manual on the 
Collection and Study of Fleas (1927), Manual on the Col- 
lection and Study of [xodoidea” (1928), Manual on the Col- 
lection, Study and Maintenance of Mosquitoes (1925, 1927, 


1 Y Pavlovsky and B Pomerantseva ‘On the Transfer of Cattle 
from Summer to Winter Pastures on the Western Flanks of the 
Alagez’ From The Transcaucasian Parasttological Cxpeditton in 
Armema Proc Conf on Pedigree Cattle Protection (CPCP) Trans 
caucastin senes Issue 11, USSR Academy of Sciences 1934 

2 ¥ Paviovsky and B Lototsky The Control of Hacmoparasttic 
Diseases of Agricultural Anmmals in Taythistan Tajikistan State 

‘% Publishing House Dushanbeh 1951 
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author Y. N. Pavlovsky). The first two books have also ap- 
peared in the series: Handbuch der biologischen Arbeits- 
methoden (Abderhalden) (Abt. 9, Teil), Heft I, 11-96, and, 
in the same series, Seite 97-160, 1931. 

In the U.S.S.R. Academy of Medical Sciences the author 
organised the issue of a series of methodological handbooks 
entitled Aids to Medical Workers Working on the Great 
Projects of Communism—nine of which were published in 
1952 and one in 1953. Besides that, separate publications 
of methodological nature were issued by the State Medical 
Publishing House. The U.S.S.R. Ministry of Public Health 
has printed methodological aids and instructions on various 
diseases. A number of periodicals (journals, transactions of 
various institutes) likewise contain material on diseases 
with natural foci. 

A section on diseases with natural foci has been organ- 
ised in Abstracts of the U.S.S.R. Academy of Sciences 
(geographical series). Much useful maternal may be derived 
from the Communications of Parasitological Expeditions 
Sponsored by Institutions of the U.S.S.R. Academy of Sci- 
ences, collections of papers published by Republican Acad- 
emies (Kazakh, Tajik, etc.). Abstracts and proceedings of 
conferences on parasitological problems held by the 
U.S.S.R. Academy of Sciences, the Gamaleya Epidemiology 
and Microbiology Institute of the Academy of Medical 
Sciences (formerly VIEM), etc. 

Direct participation, both organisational and practical, 
i the work of expeditions on seasonal encephalitides' per- 
mitted us to make extensive use of our experience in or- 


1 Jn 1938 the author was placed at the head of an expedition 01 
tick-borne encephalitis, and in 1939 headed the team responsible for 
studying the factors conducive to the existence of natural foci of 
the said disease in an expedition Ied by I J. Rogosin. The first ex- 
gedition on the subject, organised in 1937 and headed by L. A. Zil- 
ber, included a team of entomologists and parasitologists manned 
by the general biology and parasitology department and department 
of microb ology, S M Kirov Military Medical Academy (field work 
supervisor A V. Gutsevich) 
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ganising research on a faunistic and ecologo-parasitological 
basis, which has been of much benefit in elucidating the 
epidemiological features of tick-borne encephalitis and de- 
veloping non-specific prophylactic measures against the 
disease. The same refers to the work on tick-borne typhus 
fevers in Siberia, carried out by expeditions under the spon- 
sorship of the parasitology department, VIEM (later the 
Gamaleya Institute of Epidemiology and Parasitology, 
U.S.S.R. Academy of Medical Sciences), which demonstrat- 
ed the natural focality of the said diseases (S. P. Petrova- 
Piontkovskaya, O. S. Korshunova, S. M. Kulagin, N. I. Al- 
feyev, G. V. Serdyukova). 

The benefit of employing coordinated faunistic, ecolog- 
ical and parasitological studies as a basis for subsequent 
multilateral investigation of major epidemiological] and epi- 
zootological problems, may be illustrated by other exam- 
ples. 

A subject of special note are the foci of certain diseases 
which appear in nature as a result of human activity, and 
hence, in contrast to natural foci, may be defined as an- 
thropurgic, i.e., to a certain extent, originated by the activ- 
ity of man. For instance, in a number of cases, wild ani- 
mals such as rodents and even snakes were found to be 
spontaneously infected with a causative agent of brucel- 
losis (Samsonov). Further, it was established that various 
species of ixodid ticks, after feeding on animals whose pe- 
ripheral blood contains Brucellae, may become not only 
hosts, but vectors of the agent. The latter happens when 
they suck the blood of healthy animals, which in their own 
turn may serve as pathogen donors for fresh ticks (I. G. Ga- 
fuzo, M. M. Rementsova). 

Individual observations in nature, together with the re- 
sults of numerous and varied experiments, allowed us to 
construe the following conjectural sequence of events. A 
given grazing ground is inhabited by Ixodidae and small 
animals such as rodents, etc. On this pasture, a cattle herd 
including animals with Brucellaec in the blood, are put tq 
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graze The hungry ticks occurring at the time on the pas- 
ture, attack the diseased cattle and, together with the Jat 
ter’s blood, receive the infective agent At their next trans 
stage blood meal, the pathogen carrying ticks infect sus 
ceptible specimens among both the natural mhabitants of 
the grazing ground and the healthy agricultural animals 
brought to graze Henceforth, the pasture becomes a nat- 
ural focus of brucellosis as a result of human activity ex- 
pressed in the successive pasturage of diseased and healthy 
animals The healthy herd ts put to graze after the dis 
eased pending a certain interval during which the pathogen 
Js maintained 1n the bodies of vector ticks Thus, a brucel 
losis focus appears due to the joint effect of natural cir 
cumstances (tichs and wild animals inhabiting the pas- 
ture) and the activity of man, the latter being responsible 
for the arrival of sich animals and the subsequent pasturage 
of healthy ones Intermediately, we have the infection of 
ticks with the pathogen and the eventual possibility of 
their transmitting the pathogen to healthy anrmals 

Thus, quite conceivably, a natural, or rather, anthro 
purgic focus of brucellosis develops The length of sts 
existence presents a special problem, but even its brevity 
should not cast doubt on the character of its onginating 
causes and the validity of the proposed denomination 

What then 1s the theoretical essence of the process of 
formation of a new natural focus of disease? 

The main requisites for the possibility of its formation 
are (a) avatlabihty of pastureland not cultivated to the 
point of extermination of its natural animal populatron— 
some of the species of Ixodidac as Well as small mammals 
serving the former especially their larvae and nymphs as 
sources of sustenance (b) susceptibility of tichs and wild 
fauna to Brucella (ce) formanon of a biocenosis (includ 1g 
ticks and other pasture inhabitants) of more or less per- 
manent specific composition 

All these are the natural facto-s prerequisite for the 
development of brucellosis foct The very appearance of 
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the natural focus depends on the introduction into the 
pasture biocenosis of the only missing link—the pathogen 
of brucellosis contained in the bodies of diseased ammmals 
put to graze 

The decisive factor in the formation of a brucellosis 
focus on the grazing ground 1s essentially social viz, the 
conscious will and activity of man, who brings diseased 
and then healthy animals to graze on the given pasture 

How long such an anthropurgic focus will exist depends 
on the stability of introduction of the causative agent into 
the animals composing the pasture biocenosis and on 
abiotic factors being unopposed to such introduction or to 
the existence of the biocenosis itself, enriched, as it 1s, 
with the aforesaid new component, 1e, the pathogen 
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A rational classification of natural foci of disease re 
quires their assessment in regard to factors of biological, 
abiotic and geographic (topographic) nature, and a state- 
ment of the relationship of their ormgin to the activity of 
man 

1 Natural infective foci may include the pathogen of a 
Single infectious or invasive disease (monoinfectional foc1) 

2 A natural focus may harbour two or more diseases 
(di- and polysnfectional focs) 

3 The biocenosis of a natural focus of disease may 
include several species of animal hosts maintaining a single 
infective agent (polyhostal foci) 

4 In the same focus there may be one or several vector 
Species transmitting the same disease (mono and poly- 
vectoral foc), respectively) 

5 As regards their age, foct may be ancient or recent 

6 As regards distinctions of origin, some natural foci 
may have developed evolutionally (autochthonous foci), 
and others as a result of human activity (anthropurgic) 
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7 When sections of terrain (which we will call land 
Scapes), typical of a given focus, split off on the boundary 
between two distinct types of terrain (eg, forest and 
Steppe) the resultant insular areas may still contain the 
Tespective foci Thus, steppe surrounded portions of a 
forest proliferating into the steppe may contain natural 
infectious foc: peculiar to forests 

Natural foci may exist on a variety of geographic 
landscapes, or zones The definition of a geographic land 
scape by L S Berg, states it to be “a combination or asso 
Ciation Of objects and phenomena where all the features 
of relief, climate, water, soils, flora and fauna, and, to a 
certain extent, human activity, unite in a single harmonious 
entity, repeated typically throughout the given geographic 
biome "! 

On the territory of the USSR, the following zones 
are distinguished (1) tundra, (2) temperate forest, (3) for- 
est-steppe, (4) steppe, (5) sem: desert, (6) desert, (7) alpine 

Individual landscapes comprising the zones, are not 
homogeneous throughout, but contain different habitats 
associated with separate detatls of relief and harbourng 
various biocenoses composed of the flora and fauna com- 
mon to the entire landscape (zone) 

In view of the above, it 1s logical to associate the natural 
foc: of various diseases with different respective land- 
scapes Thus, natural foc: of tick-borne encephalitis are 
typical of forests of definite botanical composition, located 
in the temperate biome, the same foc: may also occur in 
forest copses advancing into the steppe (forest-steppe 
biome) The steppeland areas of the forest-steppe may con- 
tain natural foci of tick borne typhus fever or tick-borne 
typhus, the steppe may also harbour natural foci of the 
plagpe, which extend into the desert and senn desert 
The southern part of the steppeland zone in Kazakhstan 
the North Caucasus, as well as the semi-desert, desert and 


11. S Berg Geographical Zones of the Soviet Union Moscow, 
1947 
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alpine areas of the respective latitudes, contain natural 
foci of tick-borne relapsing fever Burrows occurring 1n 
the deserts and sem-deserts of a number of regions in 
Central Asia sometimes harbour elementary foci of the 
Pendinski ulcer (cutaneous leishmaniasis) and the plague 

Such analysis of the relationship between the natural 
foct of diseases and individual landscapes should be carried 
out universally and detavlised according to the finer topo 
graphic division of each given landscape with attention 
to the special features of localisation of areas liable to 
harbour biocenotic components typical of a given infective 
focus 

Certain diseases, tularemia in particular, are prevalent 
in a wide variety of geographical landscapes, which ac- 
counts for the former’s stnking multiformity For further 
information on the subject, see N G Olsufyev’s chapter 
on tularemia included in this book 

On the boundaries between heterogeneous landscapes the 
respective fauna may happen to be somewhat mixed If 
such a mixture involves the leading components of bio- 
cenoses existing in natural foci of diseases peculiar to both 
types of landscapes, people occurring in the border area 
are exposed to the respective infections as well Such in- 
stances, however, do not exclude the fundamental con- 
nection between the natural foci of various diseases with 
the landscape typical for each of them The knowledge of 
this connection 1s of essential practical importance for the 
prevention of the respective diseases 
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The enormous territory of the Soviet Union has so far 
not been sufficiently studied to permit a more detailed 
division into regions according to features of local pathol- 
ogy. With the reclamation of new areas and utilisation 
of the resources concealed in unexplored territories and 
in the bowels of the earth, there 1s always the possibility 
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of people penetrating into localities with as yet unrevealed 
natural infectious foc: Preliminary surveys of such local 
ities for possible incidence of the foci of zooanthroponoses, 
are often omitted In these cases, a careful visual appraisal 
of the characteristics of the local terrain may furnish 
grounds for suspecting the presence of various kinds of 
infective foc: 

The stated facts should incite those concerned to adopt 
measures for safeguarding personnel against the attacks 
of blood suching arthropods hable to iclude hungry 
vectors infected with various pathogens Even in case the 
latter are absent, protection against winged blood suching 
vectors will favourably tell on labour efficiency 

Non specific protection against diseases with natural 
foci 1s all the more important since specific prevention can 
not as yet be provided, the technology of vaccine manu 
facture for some of these diseases not being developed 
So far, there exists no effective vaccine agaist tick borne 
encephalitis We have drawn attention elsewhere to the 
advisabihty of attempting the preparation of such a vaccine 
from tichs experimentally infected with the virus, by grind 
ing the latters viscera in glycerin with the addition of 
some kind of conservant The obtained substance should 
be tned out on laboratory animals to determine the vaccine 
titre It may be hoped that such a vaccine would prove 
more practicable for mass inoculation of people The 
aforesaid proposal of the author was published in the 
Journal of Microbiology, Epidemiology and Immunology, 
and evoked favourable comment in the USA, it being 
noted that the vaccine used against Rocky Mountain spot 
ted fever 1s manufactured on the same principle (Philip) 
The further development of the problem calls for joint 
efforts on the part of virologists and parasitologists 

As regards non specific prevention of diseases with 
natural foci, primary significance should be attached to 
individual protection of people against the bites of blood 
sucking ticks and flying Diptera (punkies) The latter may 
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include infected vectors of viral diseases with natural 
foci. In the U.S.S.R., investigations on punkies have con- 
tinued systematically since 1935. There is plentiful scien- 
tific material on the identification of component fauna, e.g., 
in diverse volumes of The Fauna of the U.S.S.R., Guides 
for the Identification of the Fauna of the U.S.S.R., published 
by the U.S.S.R. Academy of Sciences, methodological aids 
on the study of punkie biology. 

A large number of insecticides have been put to test. 
Various ways of their use have been proposed, but an es- 
sential fault is that they have not been properly tried out 
in practice. Only preparations sufficiently tested as to 
their effects in natural conditions should be turned over 
for mass manufacture. The authors should bear respon- 
sibility for the quality of the proposed chemicals. 

In a number of cases, the lack of such responsibility 
leads to confusion, For example, when Nabokov's smokers 
became known and the press began publicising their use 
against punkies, one article contended that the smoke from 
such appliances supposedly destroys ixodid ticks includ- 
ing specimens infected with the virus of tick-borne ence- 
phalitis. This statement met an eager response in localities 
where prevention of this disease is a matter of urgency. 
We, personally, have received a handbook printed in the 
Far East on the preliminary decontamination of future 
sites of prospecting, research or construction work, which 
are liable to harbour natural foci of tick-borne encephalitis. 
It was stated that special teams furnished with Nabokov’s 
smokers should be dispatched to the areas in question, 
laying the devices in staggered order and setting them on 
fire. The smoke thus obtained would supposedly kill the 
ticks, clearing the area for the proposed work. Actually, 
however, it was established that the mentioned smoke has 
no fatal effect on ticks, and hence proved useless for the 
said purposes. Misguided belief in the effects of smoke 
will doubtlessly divert attention from the simpler, but 
already well-tried methods of protection against ticks, leav- 
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ing people in hazardous territories without any means of 


protection whatsoever. 


As evidenced by long practical expenence, a highly 
efficient safeguard against punkies are protective nets 
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Fig 1 Y Pavlovsky’s repellent head- 
net as used In collection of punkies 
and mosquitoes on Southern Sakhalin 


(Fig. 1) which are quite 
simple to make. The ma- 
terial to be employed 
is a standard fishing net 
of strong yarn with a 
mesh of LXI1 or L.5X1.5 
cm, preferably of low 
grade, as higher grades 
are uneconomical. The 
net is cut into pieces 
80X60 cm, the margin 
being hemmed with a 
nibbon for tying to the 
hat. The nets are soaked 
for several hours in a 10 
to 15 per cent solution 
of naphtholysol, with 
addition of turpentine, 
then dried in air, rolled 
up and stored in wrap- 
pings or onlcloth bags. 
When going out of 
doors the net should be 


laid on the hat in such a way as to freely cover the head 
and shoulders, the face being left open. The mbbons are 
tied round the hat. Owing to evaporation of the repellent, 
an odorous zone arises between the net and the face, which 
drives away insects. The repellent effect persists for sever- 
al days, depending on the weather, the net being subse- 
quently resoaked in the solution and dried. 

An improved technique for applying the repellent has 
been devised by G. S. Pervomaisky and V. K. Nisovkin, 
who proposed using the substance in the form of dry bars. 
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Rubbing the bars against the net eliminates the need for 
impregnation However, this method requires further 
testing 

For protection of the hands, K P Chagin proposed 
cuffs of the same netting, which are pinned to the sleeves 
so as to cover half the hands and not hinder work 
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The existence of a natural focus of disease depends on 
the occurrence in the biocenosis of organisms whose bio- 
cenotic relationslups insure the continuous circulation of 
the infective agent However, a biocenosis cannot develop 
and exist otherwise than within the given biogeocenosis, 
1é, a definite geographic landscape A biogeocenosis, as 
defined by Academician V N, Sukachov, ‘1s formed of a 
plant community in association with the animal population 
of a given area of the earth's surface, including the surface 
proper, with all ats special features of atmosphere (micro- 
climate), geological structure, sorl and water supply. Taken 
together, the mentioned components compmise a single 
interrelated complex "! 

The cited definition 1s sufficiently exhaustive, although 
it may be added that biogeocenoses may also occur in the 
upper strata of the earth’s crust, an example of which 
are the burrows of wild ammals, mostly rodents, which 
penetrate to a depth of several metres This, however, may 
in no way affect the general concept of a brogeocenosis, 
indicating, merely, that in every particular mstance the 
latter should be carefully analysed as to structure, eg, in 
which there may be a prevalence of vegetable components 
over ammals or vice versa As regards abuotic factors, 
there may also be noticeable distinctions in seasonal or 
daily variations from the mean. 

Biocenosis may include different numbers of animal 
species bound by various direct or indirect interrelation- 
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ships Orientation and purpose of research are of mayor 
significance in the study of biocenoses If the aim 1s to 
elucidate the epidemiological and epizootological impor- 
tance of a given biocenosis, the emphasis should be latd on 
revealing the components acting a distinctive part in the 
circulation of the pathogen of the disease, whose natural 
focus should be subjected to multilateral investigations 
by experts of all the specialities required In areas contain- 
ing natural infective foc: it 1s necessary to single out the 
animal donors, vectors and recipients of the causative 
agent, which represent the Jeading components of the given 
brocenosis 

A natural focus of disease continues to exist 1f and while 
the biocenosis and harbouring area remain intact, and if 
conditions of microclimate remain favourable throughout 
the period of continual circulation of the pathogen among 
the principal components of the biocenosis 

A natural focus of disease ceases to exist in the follow- 
ing cases when the key components of the biocenosis 
fall out and the circulation of the causative agent stops, 
when the focal area undergoes unfavourable changes 
(drainage or irmgation), when its geomorphological har- 
bourage 1s destroyed (ploughing up and destruction of 
burrows and other biotopes), when mucroclimatic factors 
and especially humidity change drastically (eg, flooding 
of burrows), when the focus 1s invaded by Carnivora 
which exterminate the key components of the biocenosis, 
and when for various reasons the biocenosis itself disin- 
tegrates 

The viability of a natural focus of disease depends on 
where and how Jong the infective agent may survive total 
or partial disruptions of the biocenottc structure, provided 
that the latter leave the pathagen’s harbourages intact. 

Ample illustrations in this respect may be cited from 
the work of numerous Central Asiatic expeditions under 
the author's supervision devoted to investigation of natural 
foci of tick borne spirochetosis (relapsing fever) Foci of 
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this disease commonly develop in dwellings and services, 
crude structures, etc Their maintenance requres the 
existence of mammal hosts, eg, rats, and tick vectors of 
the genus Ornithodorus 

Buildings of local raw brick or blocks are not durable 
and easily fall to ruin when abandoned or neglected In 
such cases the rats which they harbour disappear, while 
the resident Ornithodorus papullipes, being averse to migra- 
tion, remam where they are and starve Observations 
carned out by A N_ Skrinmk at the tick laboratory, 
general biology and parasitology department, Kirov Mul- 
itary Medical Academy, on O papillipes from a unique 
collection of live ticks of the genus Orntthodorus, demon- 
strated that they may starve for 14 years and, 1f infected 
with spirochetes of relapsing fever, will transfer the patho 
gen to susceptible animals at the very first meal 

Thus, by comparing laboratory and field observations, 
it 18 easy to see why vector ticks, being capable of pro- 
longed starvation, can continually maintain the pathogen 
of relapsing fever despite the destruction of the respective 
natural foc1 When visiting such ruins as descnbed, even 
by day, a person 1s exposed to infection from the bites 
of hungry ticks Hence, the possibility of complete revival 
of the foci in cases when the aforesaid buildings are used 
for sheltenng cattle, etc 

The natural foci of diseases whose key vector are ticks 
firmly settled in their biotopes and disinclined to migrate 
to new habitations, exert their effects on man either 
through direct contact or in case of man’s sojourn in the 
biotope proper where he may contract tick borne spiro 
chetosis 

The natural foci of diseases with actively mobile vectors 
such as blood sucking flying Diptera (sandflies, mosquitoes, 
etc) may affect people at considerable distances, since the 
insects leave the burrows serving them for daytime shelter 
Or oviposition and attack human beings Such, for example, 
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1s the case with the desert form of Pendinshi ulcer (cutane- 
ous letshmantasis) 

Dunng reclamation of deserts and semi-deserts, in the 
very first summer the sandflies converge from rodent 
burrows and settle round newly built domiciles, whereby 
the desert form of cutaneous leishmaniasis 1s transformed 
into its equivalent urban form (P A Petrishcheva) 
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The problem of eliminating infectious and parasitic 
diseases on the territory of the USSR has of late been 
put forward on an increasing number of occasions, not 
infrequently, as a target for the nearest future The cam 
Ppaign against malaria, however, tooh dozens of years of 
hard work on the part of a widespread network of anti- 
malarial institutions—from institutes to local stations and 
outposts which were staffed by a whole army of phys: 
cians—malariologists, medical entomologists, land reclama- 
tion experts and auxihary technical personnel 

V V Parin, Academician Secretary of the Presidium of 
the USSR Academy of Medical Sciences, in his report 
“On the Tasks of Medical Science 1n the Light of the Deci- 
sions of the XXI Congress of the CPSU” dehvered at 
the XIII plenary meeting of the Academy (Apmi 1959) 
said the following “Acknowledging that the problem of 
eliminating infectious diseases constitutes one of the hey 
targets of the Seven Year Plan, the Presidium of the 
USSR Academy of Medical Sciences has decreed the 
establishment of a committee for promoting the elimina- 
tion of infections, which has been authonsed to draw up 
a seven-year plan of work directed towards this purpose” 

The Presidium has already approved a newly-devised 
classification of diseases according to the prospects of 
their elimination The first group compmses infections in 
regard to which there exist the practical requisites for 
total elimination or suppression of their epidemic forms 
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ie, for reducing their incidence to the level of sporadic 
cases (malaria, diphtheria, enteric fever, etc.). The second 
group involves infections the spread of which is to be cut 
down drastically, permitting the subsequent implementa- 
tion of measures envisaging full epidemic control (polio- 
myelitis, tick-borne encephalitis, ascariasis, tularemia, 
leprosy, etc.}. The third group are diseases, the funda- 
mental requisites for the elimination of which already 
exist, but which require either additional investigations, 
or the overcoming of a number of organisational or ma- 
terial handicaps, due to which only a considerable reduc- 
tion of morbidity and mortality may be planned for the 
nearest future (acute intestinal infections, whooping cough, 
epidemic parotitis, tuberculosis, brucellosis, Q fever, etc.). 
The fourth group covers infections in regard to which the 
possibility and time limits of elimination cannot as yet be 
established in view of the existence of still unsolved funda- 
mental theoretical and methodological questions (angina, 
influenza, infective hepatitis, measles, scarlet fever, 
chickenpox, German measles). 

As regards diseases with natural foci, elimination of the 
latter necessitates destroying the basic structure of their 
foci which is responsible for the intrafocal circulation of 
the pathogen. By and large, the route of circulation of the 
infective agent is determined by the presence in the focal 
biocenosis of such key components as animal donors, re- 
cipients and vectors of the pathogen. The latter present 
the biotic factors of the natural focus, their existence and 
biocenotic relations, however, in turn depending on abiotic 
environmental factors—climate, microclimate, geomorpho- 
logical features of the area—i.e., the circumstances under- 
lying the existence of the biogeocenosis harbouring the 
natural focus of disease. All these, however, are dominated 
by the activity of man, which directly or indirectly affects 
the biocenosis of the natural focus and the integrity of the 
focal terrain. In this respect, the activity of man is regarded 
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as a combination of social factors comprising man's un- 
conscious or purposeful influence on nature 

The settlement of previously uncultivated areas, such as 
the targa, leads to the disappearance of the associated 
natural foci of tick-borne encephalitis On the other hand 
it has been noted that the seasonal collection of bernes 
and mushrooms near settlements 1s accompanied by fresh 
outbreaks of the aforesaid disease The fatter occurs in 
places where the natural foc: of encephalitis, although con 
siderably weakened owing for example, to the reduced 
number of vector ticks, have survived 

With the increased influx of population into such wood- 
land and prolonged close contact with the vegetation, 
there 1s a growing hazard of tick attacks and contagion 

The elumination of natural foci of disease presumes the 
adoption of measures of three kinds affecting (a) the 1rea 
harbouring the foci, (b) the focal biocenoses and (c) the 
population proper, viz, (1) educational instruction as to 
the most likely time, places and circumstances in which 
people are exposed to the hazard of contracting diseases 
in their natural foc: description of the main features of 
a natura] focus and the precautions to be taken against 
attacks of vectors of the infective agent, sanitary anti- 
epidemic propaganda through posters, leaflets popular- 
scientific literature, films, etc and furnishing every means 
of individual and collective protection including repellent 
ointments and nets, automatic spraying devices equipment 
for treating tick ridden areas with aerosols smoke and 
Insecticides, Jand reclamation machinery, etc, (2) mass 
vaccination and provision of material for such 

Decontamination of the territory 1s accomplished in 
various ways, depending on the character of the associated 
natura) foc: of disease The process may compnise a single 
stage and be effective for one season only, like the bum- 
ing of grass in steppeland areas In order to destroy hungry 
Dermacentor ticks—vectors of rickettsial tick borne typhus 
fever which Jurk in ambush upon the grass stalks on emer- 
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gence from hibernation. In some Jocalities such measures 
have to be repeated every spring, observing the necessary 
precautions against fire. More radical measures to the 
same effect, involving, as it were, complete overhaul of 
the terrain, require the accomplishment of a succession 
of reclamatory operations such as cultivation of forest 
areas, suppression of undergrowth, etc., over a number of 
years. All such measures, which are of direct economic 
importance, should be carried out with a view to sanitation 
purposes as well. 

The aforesaid recommendations are of a general nature, 
to be modified in each particular instance in conformity 
with the basic purpose, place, time and circumstances 
attending the work. 

In conducting operations for control of the natural foci 
of disease, the experience of earlier undertakings in this 
field should be borne in mind. Thus, we may calf attention 
to the outcome of a number of expeditions on cutaneous 
leishmaniasis carried out under the guidance of Professor 
N. I. Latyshev, sponsored by the medical parasitology 
department of the former VIEM. After a series of prelimi- 
nary investigations, an experimental attempt was made at 
eradicating the natural foci of the desert form of cutaneous 
leishmaniasis in the neighbourhood of a construction proj- 
ect on the river Murgab (Turkmenia). The rate of infection 
among workers had been considerable. Daily, about fifty 
people appealed at the local dispensary for dressing. Sand- 
flies were in abundance and the population slept under bed 
nets. { 

The focus was to be destroyed by chloropicrin poisoning 
of all the gerbil burrows within I-2 kilometres around the 
settlement. Altogether, approximately 0.5 million burrows 
were poisoned and blocked with earth. The result was the 
destruction of the hosts including gerbils afflicted with 
cutaneous {feishmaniasis, and the extermination of sandflies, 
vectors of the pathogen, which reproduced and spent the 

daylight hours in the burrows, the Jatter, too, being ren- 
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dered unusable for new gerbils and sandfles The poison 
Was applied 1n a single operation, the results being checked 
within a year by a specially appointed commission 

The commission stated that the incidence of cutaneous 
leishmaniasis among adults had been reduced to zero only 
four boys were ll, and the population slept without bed 
nets It was revealed however, that new burrows of gerbils 
had begun to appear around the periphery of the stenlised 
belt surrounding the construction site, which evidently 
was the beginning of resettlement of the old area by the 
pest In the first year, the process had no epidemiological 
consequences, but it 1s logical to foretell the resultant 
ultimate recovery of the old natural focus of Pendinski 
ulcer 

Hence, a single campaign proves insufficient to eliminate 
a natural focus of a given disease A special service should 
be set up to keep the focus under control to observe the 
process of regeneration of the focus on earher treated 
territory, and to suppress any initial symptoms of such 
regeneration This 1s much easier and cheaper than to 
reapply the entire control system on natural foc: regenerat- 
ing on earlier treated terrain 

The stated considerations are of a general nature their 
concrete implementation depending on the specific features 
of every particular disease with natural foci 
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TICK-BORNE ENCEPHALITIS 


Synonyms Taiga, spring summer, Far Eastern, Siberian 
encephalitis Eastern tick borne encephalitis, spring en 
demic encephalitis, spring summer meningo encephalitis, 
Russian tick borne spring summer encephalitis, Fruhlings 
encephalitis, encephalite du printemps et de l’été, encepha 
htis del Seyano Ontente 


Tick-borne encephalitis 1s an acute viral disease with 
natural foci, mostly affecting the central nervous system, 
and typically harboured on woodland terrain Its vectors 
and principal reservoirs are 1xodid ticks The disease was 
first defined as an independent nosological unit by Soviet 
researchers (L A Zilber, A G Panov, E N Levkovich, 
A K Shubladze, M P Chumakov, V D Solovyov) in 1937 

Incubation lasts for a period of 10 to 12 days, less often 
varying from 7 to 21 days Occasionally, 1 or 2 days prior 
to onset, the patient evinces general malaise and slight 
pains in the muscles of the neck, waist, extremities and 
head The feeling of weakness in the arms may be accom 
pamed by slight numbness (sometimes in one arm only) 
A frequent occurrence are giddiness, nausea, unaccount- 
able fear and anxiety 

More often than not, the disease begins abruptiy, with 
such clear cut manifestations that the patient remembers 
even the hour of its onset Independent movement becomes 
{Impossible Body temperature may rise to 38° C and on the 
second day to 39-40 5° C The acute stage goes on from 7 
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to 8, seldom 12 to 14 days The temperature falls lytically 
during 2-3 days, but may again nse to subfebmile level 

Often there 1s nausea, vomiting, severe headache, es- 
pecially when turning the head or eyes The pulse is slow, 
the occipital muscles are stiff, swallowing obstructed, 
tongue only partly mobile Paralysis of the neck and upper 
himbs may occur on the very first day Frequently observed 
are loss of consciousness, delirium, sleepiness Children 
may have epileptic attacks and convulsions In particularly 
severe cases death occurs in the acute penod Lethality 
may be 5 to 20 per cent and more 

The disease 1s known to assume a moderate, abortive or 
mild course Sequelae include residual muscular paralyses 
of the neck and arms (A G Panov, A N Shapoval et al) 
The farther north, the less severe 1s the course of the 
disease, with increasing incidence of formes frustes, which 
may sometimes complicate or confuse diagnosis 

Distribution Besides a number of areas in the tatga and 
forest biomes of the USS R,, foci of tick-borne encephalitis 
are met in North Eastern China, Czechoslovakia, Poland, 
Yugoslavia, Bulgana, Hungary, ete There are also indica- 
tions of similar diseases 1n the tropica) forests of India 
affecting monkeys The causative virus has been isolated 
from Haemaphysahs (Work, 1958) 


HISTORY OF RESEARCH 


As a specific neuroinfection, tick-borne encephalitis was 
first recorded in the Far East by A G Panov (1934) At 
the beginning of development work in the tanga, the 
USSR People’s Commissanat of Public Health was nott- 
fied of the appearance of severe cerebral thseases whuch 
occurred among lumbermen and other people entenng the 
taiga Immediately, expeditions were organised under the 
auspices of the said Commissariat and VIEM (All-Unton 
Institute of Experimenta! Medicine) 
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The first expeditions included specialists in various 
fields—yirologists, parasitologists, zoologists, neuropatho 
logists and epidemiologists Such a selection of personnel 
ensured a speedy solution (only in 3 years time) of all 
basic problems regarding the causative agent, vectors, ex- 
posure and many others The data obtaimed in the first 
years (beginning with 1938) provided a scientific basis for 
developing general tick control measures and a number 
of individual and public safeguards for practical imple 
mentation by the public health service In the same years, 
specific prophylactic means 1e, vaccine and serum, were 
elaborated 

The research work on tick borne encephalitis and other 
diseases, played a major part in the origin of the theory 
on the natural focality of human diseases, amutiated by 
Y N Pavlovsky (1938) and successfully developed with 
the participation of numerous disciples, followers and 
collaborators 

Subsequent research on tick borne encephalitis furnished 
data for establishing the prevalence of its natural foct 
in extensive woodland areas of the Soviet Union 


DISEASES SIMILAR TO TICK BORNE ENCEPHALITIS 
1, Two-Wave Tick-Borne Encephalitis 


Synonyms Mulk fever, two wave milk fever, two wave 
meningo encephalitis 


The disease ensues with a two wave temperature rise 
after ingestion of raw goat milk or derivatives of the latter 
(cheese, curds) During the season when the ticks parasitise 
animals, the causative agent invades goats, whose muk 
becomes a source of infection for man The imeubaton 
period in these cases lasts from 9 to 14 days Contagion 1s 
likewise possible from bites by Ixodes persulcatus and 
Ixodes ricinus, when incubation lasts from 5 to 7 days 
The onset 1s abrupt, with headaches, nausea and vomiting 
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High temperature persists for 5 to 8 days, following which 
the patient feels almost well After that comes a second 
temperature rise, which continues for 10 days The second 
oa 1s usually more severe, with symptoms of cerebral 
esion 

The seasonal prevalence of the disease 1s similar to that 
of tick borne encephalitis (A A Smorodintsev, M P Chu- 
makov et al) The source of infection hes in natural foci 

Many authors consider tick borne encephalitis and two- 
wave fever to be synonymous, the clinical distinctions 
depending on the routes of infection 


2. Omsk Hemorrhagic Fever 


The course includes one or two waves of high tempera 
ture continuing from 4 to 12 days Typical symptoms are 
nasal, uterine, gingival, and intrarenal hemorrhage, hemor- 
rhagic rash on the skin, and in some cases bronchial 
pneumonia 

The causative agent 1s a virus having much in common 
with the pathogens of tick borne encephalitis and two- 
wave meningo encephalitis The vectors are the 1xodid 
ticks Dermacentor pictus and Dermacentor marginatus 
(M P Chumakov, G I Netsky and T N Zakorkina et al) 


CAUSATIVE AGENT OF TICK BORNE ENCEPHALITIS 


The causative agent 1s a filtrable virus 20 to 30 mp in 
size, discovered by Soviet scientists (L A Zalber, 
E N Levkovich, A K Shubladze, M P Chumakov, 
V_ D Solovyov, 1937) Its presence in the blood may be 
revealed im the first 6 to 8 days of infection The virus 
reproduces and concentrates in the nerve tissue 

Specific virucidal antibodies neutralising the virus de- 
velop in the blood of post convalescents on the 15th day 
from onset The formers presence may be detected 32 or 
even more years after infection Antibodies have also been 
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found in people never afflicted with the disease, but hving 
in the foci and exposed to tick bites The explanation to 
this fact was given in experimental works by Y N Pav 
lovsky and V D Solovyov (1940) The virus 1s successfully 
grown on chicken embryo and tissue cultures A common 
reactor 1s the white mouse 


VECTORS 


The chief vectors of tick borne encephalitis in the 
USSR are Ixodes persulcatus P Sch and Ixodes ricinus 
L In certain southern areas of the Far East the principal 
vectors are ticks of the genus Haemaphysalis The vectors 
are sometimes spread over considerable areas, both adults 
and nymphs and even larvae attacking man In some 
habitats (small enclaves of steppe surrounded by woodland 
particularly on south facing foothills, on the border be 
tween woodland and steppe, or 1n woodland copses in the 
steppe) D stlvarum O1 (Figs 2 4) may also have epidemio 
logical importance 


Vector Distribution 


Ixodes persulcatus occurs throughout the southern part 
of the taiga, from the Baltic Sea to the Pacific Ocean, in 
cluding South Kamchatka, Sakhalin, the Kun Islands, and 
the mountain taiga of the Far East to the south of the river 
Amur The northward spread of Ixodes persulcatus 1s 
limited by climatic factors (summer warmth during vege 
tative period, low winter temperatures, permanently frozen 
sol) Hence in the more favourable climatic conditions 
of Europe, in the north west of the USSR, the northern 
boundary of its range passes through the northern taiga 
(63° N Lat), gradually descending southward into the 
temperate taiga of the eastern part of the country (62° 
N Lat), Western Siberia (61° N Lat) and southern taiga 
of the Far East (53° N Lat) In the south of its range it 
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occurs in European mined forests, in pure hardwoods 
(54° N Lat) and in the mountain taiga of the Tren Shan 
(42° N Lat), Alta: and Savan mountains (G V Serdyu 
kova, 1956) 

I persulcatus ts unevenly distributed through the forests 
Its numbers are largest in woodland biotopes harbouring 
the hosts of adult ticks—wild ungulates—or on the grazing 
grounds of domestic cattle The usual habitat of these ticks 
are softwoods with considerable inclusions of sma)l Jeaved 
hardwood species The tuchs concentrate near forest trails 
roadsides cleanngs watering places of ungulates and 
other places frequented by the hosts of adult ticks 
(G V Serdyukova 1996) 

I persulcatus begins to attack its hosts early in spring 
after snow thaw The first ticks usually appear on well 
sunned forest outskirts clearmgs and southward facing 
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Fig 2 A typical habtat of Haemaphysalts concinna In tuck bore 
encephalitis foc: Southern Pnmorye (P A Petrishcheva 1916) 
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Fig 3 First buildings in Sikhote Alin targa In such condi 
tions Ixodes persulcatus often penetrates into dwellings 
attacking man (V E Sidoroy 1957) 


hill sides All three active stages prey in the first half of 
the warm season Adult specimens are particularly numer 
ous in the end of Mav and the beginning of June, com 
paratively seldom attacking their hosts in the beginning 
of July The larvae and nymphs may also occur 1n notable 
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Fig 4 A birch grove early in spring (beginning of fohation) virgn 
land Kustanai region Focus of tick borne encephalitis with ync dence 
of Ixodes persulcatus (P A Petnmshcheva 1954) 


quantities on small vertebrates in the end of summer In 
the southern boreal targa the development cycle covers 
three years with winter diapauses in the larval and 
nymphal stages With a prolonged vegetattonal period (as 
in the Ussuri forests) part of the tick population completes 
its development in two years, owing to omission of the 
winter diapause from the nymphal stage of the cycle 
whereby, after moulting the nymphs may complete their 
feeding in the first half of summer The ticks can hibernate 
m any of their active phases (G V Serdyukova 1956) 
In the European USSR, I ricinus ranges from Kareha 
to the southern state boundary, and from the countrys 
western borders to the eastern banks of the Volga Its 
habitats occur im mixed forests (hardwood softwood) hard 
woods and scrub biotopes Occasionally, it is found in 
number in the woodland biotopes of the elk in combined 
grassland and scrub communities—the favourite breeding 
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grounds of hedgehogs, and on the forest and scrub covered 
grazing grounds of domestic cattle (G V Serdyukova, 
1956) The ticks attack their hosts all through the warm 
season In the southern USSR _ the seasonal preying 
curve of adult ticks shows two peaks, the higher of which 
is in May June, and the lower in August September In 
the north of their range, the quantity of adult ticks reaches 
maximum once in a season—in July August, while the 
number of larvae and nymphs 1s highest in the first half 
of summer The development of each stage takes a year, 
hence, the life cycle 1s completed in four years In the 
south the winter diapause 1s omitted from the oval stage, 
and the cycle, therefore, terminates in three years 

Natural foci of two wave meningo encephalitis (European 
or western varieties) are associated with the incidence of 
T ricinus, whose north western range partly coincides with 
that of I persulcatus In the European part of the country 
there are foci of tick borne encephalitis containing both 
I persulcatus and I ricinus, with a prevalence of the 
former The range of D silvarum covers Kemerovo Region, 
Eastern Altai, Eastern Siberia, Transbaikalia and the Far 
East to the south of the river Amur In the Kuznets Basin 
the northern boundary of its distribution coincides with 
the northern margin of the forest steppe, and the western 
with the upper reaches of the nver Ob (V M Popov, 1955) 
In Touva it has been revealed only in the alpine taiga zone 

The beginning of activity of adult ticks in the south of 
the Primorye Territory 1s mid March, the end in October 
The seasonal preying curve shows two peaks, the number 
of ticks in spring (May) being considerably greater than 
in autumn The larvae occur en masse in the first half of 
summer, the nymphs—in July August In winter, the males 
find refuge on wild ungulates The life cycle is annual, 
with a winter diapause in the adult stage (G V Serdyu- 
kova, 1956) 

The range of Haemaphysalis concinna 1s intermittent 
In the West, this species 1s widespread in the hardwoods 
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of Europe, the Crimea, the Caucasus and the Far East The 
extreme north western limit of its discovery in the USSR 
Is im south western Byelorussia In the Far East, the tick 
does not occur further north than 51° N Lat Between the 
eastern and western regions of its distribution the tick is 
occasionally found in mountain forests with admixtures 
of small leaved varieties in such areas as Uzbekistan Kir 
ghizia, the Sayan Mountains and Westem and Eastem 
Siberia In the Far East mature forms attack their hosts 
from the beginning of April to the first decade of Octobe 
Maximum activity 1s in June (Z M Zhmayeva 1941 
N M Motseyenko 1954 et al) The greatest activity of 
the larvae is observed in June July, and of nymphs 2n 
July August Males occur on wild animals in November, 
January and February In Transcaucasia mature ticks feed 
from March to September with a maximum in June, the 
larvae being active from March to October, and the nj mphs 
from Apni to November (B I Pomerantsev, N V Mati 
kashvih, 1940) 


Isolation of the Virus from Ticks 


The occurrence in nature of ticks of the species I per 
sulcatus, D stlvarum and H_ concinna spontaneously in 
fected with the virus of tick borne encephalitis was first 
established in the Far East n 1937 Dunng a blood meal 
the ticks transmitted the virus to a mouse (A N Skrinnik 
and N V Ryzhov) The results of expeditions conducted 
in 1938 and 1939 (A K Shubladze, G V Serdyukova 
N V Ryzhov, A N Skrinnik, A V Kozlova, V D Soto 
vyov) revealed the occurrence of spontaneously infected 
tucks in all localities with recorded cases of the disease 
Most of the virus strams were isolated from hungry and 
engorged males and females of the species I persulcatus 

The success of isolation depends on the season and spe 
cific features of tick biotopes (Y N Pavlovsky, 1947) and 
may vary annually In the Suputinsh forest reserve (Ussurt 
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Fig 5 Circulation of tick-borne encephalitis From the donor (D) 
the virus is transmitted to the recipient (R) which dumng virusemia 
may serve as donor for fresh ticks (T) which become vectors trans- 
mitting the virus to new recipients j{R [D{ denotes one organism, 


T 
| stands for one and the same tick specimen 


A tick may convey the virus to man (M) but here practically the 
chain will end, the human body presenting a “blnd alley” for the 
virus 
J, Il, IM denote the successive stages of virus circulation 


Tegion) 27 strains of the virus were isolated in the first 
half of the summer of 1939 (N. V. Ryzhov, A V. Kozlova) 
By the end of the same summer, however, not a single 
strain of the virus could be revealed (V. D Solovyov), 
while tn the first half of the next summer (1940) 6 strains 
were obtained (I. A. Moskvin). According to V. M. Popov 
et al (1957), in the Tomsk focus the virus 1s more often 
and easily obtained from ticks in early spring and the 
beginning of summer, and from animals in the second half 
of summer and jn autumn. As reported, the virus of en- 
cephalitis may spend the, winter in the body of J. persul- 
catus (E. N. Levkovich, A N. Skrinmk, 1940). 
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All the above named tick species are trihostal, 1¢, in 
each stage of its development the tick feeds on a fresh 
host. In each species, all three metacyclic stages have been 
found to transmit the virus—a phenomenon called trans 
stage transmission (A K Shubladze, G V Serdyuhova 
1939, A N Sknnnik and N V Ryzhov, 1941, A V Kozlo 
\a and V D Solovyov, 1941, M P Chumakov, 1939, 1944 
A L Dumuina, 1957, et al) The transmission of the vinus 
from the female to its progeny (transovarial transmission) 
has also been proved for I persulcatus (A K Shubladze 
and G V Serdyukova, 1939, M P Chumakov, 1944) and 
H concinna (A V Kozlova and V D Solovyov, 1911) 
Generation to generation transmission of the virus in I 
persuicatus has been established as well (M P Chumakov, 
1944) 

In subsequent years, Strains of the virus in question were 
repeatedly isolated from the said tick species by many 
authors and in various foci Recently, strains of the virus 
were obtained in Siberia from ticks of the species J plum 
beus Leach, collected from sand martins (Y V Fyodorov 
and M K Tyushnyakova 1958) and D marginatus 
(MK Tyushnyakova, V M Popov et al, 1959) and in 
the Pnmorye terntory of the Far East from H japonica 
douglast (L V Tatarinova and N P Belikova, 1958) The 
circulation of the virus in the bodies of I persulcatus and 
H concinna has been studied by Y N Pavlovshy and 
V D Solovyov (1940 1941) An active form of the virus 
was revealed in the blood, ovary, nerve ganglion and 
salivary glands of I persulcatus A fess active strain 
was found in the salivary glands stomach and ovary of 
H conctnna M K Tyushnyakova (1955) notes the annual 
fluctuations of infection in J persulcatus in the south of 
the Tomsk focus of encephalitis, which was 3 per cent in 
1950 16 in 1951, 32 1n 1952 and 21 per cent in 1953 The 
highest percentage of infected tichs was revealed in 
southern, and the lowest in northern areas 
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Experimentally infected ticks of the species I persul- 
catus reveal the virus irregularly, which becomes more 
manifest with the progress of metamorphosis and in subse 
quent generations The ability to receive the virus and 
maintain it in subsequent metacyclic stages depends on 
the degree of virusemia in the donor’s blood When ticks 
are fed individually on diseased white mice, not all the 
former develop infection (e g ,2 nymphs out of 18, and 3 fe- 
males out of 13) Transovarial transmission 1s hkewise une 
ven, the virus not being transmitted to the entire progeny 
Not all the tick specimens ingesting the virus during blood 
meals will retain it further When non infected and infected 
ticks are fed simultaneously, the former will receive the 
virus easier 1f fed on suckling animals On adult animals, 
the ticks are not infected throughout On ummune animals 
and their suckling progeny, infection does not occur at all 
(A L Dumina, 1957) 

Studies on virus incidence in ticks are the first and most 
customary procedure in determining the epidemiological 
importance of any focus of tick borne encephalitis As a 
tule, the ticks reveal the virus more frequently than do 
mammals or birds Hence, when investigating foci, the 
usual practice 1s to test ticks for incidence of the virus, 
and vertebrates—for virucidal antibodies The virus of tick- 
borne encephalitis was isolated from Gamasidae (E N Lev 
kovich and A A Tagiltsev, 1957) and fleas (A K Shubladze 
and N I Kalabukhov, 1944, Y V Fyodorov, M K Tyush 
nyakova and N I Igolkin, 1959) 


Determination of Tick Species and Their 
Importance in Focj of Tick-Borne 
Encephalitis 


When determining the tick fauna of a given focus, the 
primary task 1s collection of live ticks from the taiga area 
under survey, which may be either completely virgin or 
yisited by people engaged in various development work 
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(road building, timber felling, erection of temporary or 
permanent structures) or other economic activities (cattle 
Brazing, vegetable gardening, ploughing, haymaking, etc ) 
The same applies to forests previously affected by man 

The purposes of tick collection may be different, viz, 
identification of the local tick fauna and study of its annual 
metacychic dynamics, determinatton of preying seasons 
and the fullest possible identification of the range of its 
hosts Ticks removed from the clothing and bodies of 
people are collected and stored separately Live tichs are 
used to determine the duration of different metacychc 
Stages, larvae and nymphs being reared to the stage of 
imago for the purpose of correct classification 

The ticks are tested for possible spontaneous infection 
and also experimentally infected to assess their potential 
Importance as vectors in natural environments In the 
laboratory, they are studied for stage-to stage and trans 
ovanial virus transmission, the latter to be observed on a 
senes of descendant tick generations, since up to now the 
phenomenon has been clarified only for two successive 
generations Live ticks are required for studies on various 
aspects of their vital activity, as well as for laboratory and 
field investigations on the efficiency of different acaricides, 
etc, ete 

Ixodid ticks are collected while hungry, chiefly on open 
spaces in nature and :n the vicinity of man It 1s likewise 
necessary to collect ticks attached to their hosts for con 
venience choosing those which have climbed on the host 
but have not yet selected a spot for suction The majority 
of ticks found on animals are usually fully or semi engorged 
and, consequently, fall off the host and may be found 
on the ground or in sheltered abodes where they craw] to 
lay eggs In winter time, in the south ticks may be found 
among the fur of goats and camels where it 1s war 
mer than outside Hunters should be ashed to examine 
killed hares or other animals and collect all ticks dis- 
covered 
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Fig 6 Devices used for collection of ixodid ticks 
A—flag, B—cloth hauler, C—scraper, D—screen, E—probe 


In foci of tick-borne encephalitis, usually associated 
with taiga of definite botanical composition or forests 
affected by age-long human activity, special methods of 
collection should be used, some of which are described 
hereunder. 

Mature ticks are collected in nature by means of a flag, 
cloth hauler or scraper. A collecting flag is made of 
flanne} 100X60 cm in size which is secured to a stick 
(Fig. 6). The cloth hauler presents a piece of flannel 
125X60 cm in size, into whose narrow hems wooden sticks 
or wire rods are inserted. The cloth is tied to a 50 cm stick 
by means of a string. A scraper is made of a piece of 
plywood 50X40 cm in size covered with flannel and diago- 
nally fixed to a handle (B. I. Pomerantsev and G. V. Serdyu- 
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kova) A V Mishin employs a hauling cloth 12060 cm 
in size with its narrower hem secured to a limewood fork 
The same implements and cloth dimensions should be used 
throughout the entire season of observation 

The surveyor slowly hauls the device over the under 
growth on his right hand side or in front The collected 
ticks should be taken off every 2 or 5 minutes At longer 
Intervals between inspections part of the earlier collected 
ticks may be lost especially when passing the device 
through the rougher parts of plants and shrubbery 

The abundance of ticks in various habitats 1s determined 
by the number of spectmens collected from the flag per 
hour (flag hour) or removed from the collector himself 
(man hour) or from 1 kilometre of the distance covered 
in a unit of time In the latter case a pedometer 1s used 
previously measuring the distance normally covered by 
the collector at a single stride On rough or deadwood 
littered terrain the ticks are counted by flag or man hours 
which however provides but a very rough estimate 

Tick counts should be accompanied by meteorological 
observations conducted along the route Air temperature 
and relative humidity should be measured at 2 cm 50 cm 
(grass level) and 120 cm above ground Litter temperature 
should be taken at a depth of 1 to5 cm Relative humidity 
may be measured with an August or Assmann psychro 
meter If possible light intensity (1n luxes) 1s measured at 
litter level (under the foliage or beneath clearings) 

The vertical distribution of ticks in scrub growth ts 
measured with a screen made of poles to metres long 
fixed together transversely with 75 cm bars This frame 
1s covered with white cloth Jined into transverse stripes 
25 cm high Two workers haul the screen through the 
grass or low shrubbery tn a positron as close to verticn 
as possible After every fifteen or twenty paces the screen 
1s examined noting the height of tick attachment (B I Po- 
merantsev G V Serdyukova 1939) All the data on tichs 
are entered in a field journal (see record forms applied) 
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Field Journal for Tick Activ tty Dala Collected en Route 
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Hungry larvae and nymphs poised on the tps of grass 
blades are gathered by means of a scraper dragged force 
fully along with its narrow edge to the ground (covered 
with low grass), periodically collecting the adhering larvae 
and nymphs On more open forest glades, a towel on two 
handles 1s smoothly drawn over the growth 

A large amount of pre imago forms, especially larvae, 
may be collected on a flag slowly hauled around stumps 
This circumstance indicates the possible occurrence of 
egg deposits along the root tunnels and in the pockets 
between the roots proper In the forests of the Leningrad 
region, larvae have been found in profusion around stumps 
in the end of May (P A Petrishcheva) 

For regular long term observations of tick behaviour, 
quadrangular plots with vegetation measuring from 5X5 to 
100X100 m and more are isolated by planks or ditches 
The ticks are Jet out on the plots, observing their dispersa) 
In the Suputinsk forest reserve, I persulcatus were proved 
to be aware of human scent The ticks concentrated at 
the side of the plot facing a pathway frequented by people 
On experimental plots, the number of ticks taken from 
identical habitats may be set at will, systematically observ- 
ing their behaviour, 1e, metamorphosis, length of starva 
tion in various stages, wintering, migrations, variations of 
activity during the season or day and night under diffe-ent 
weather conditions, etc For each of these purposes sep- 
arate plots of different size and character are chosen It 
1s important to note the Jocal situation in regard to direct 
and dispersed sunlight, as well as features of forest litter 
humidity, warmth, etc In alpine regions, simultaneous 
observations should be made on northern and southern 
slopes In such cases the time difference in the begianmg 
of tick activity may comprise from 30 to 45 days If the 
area under survey contains rodent burrows, the latter s 
content should be taken and inspected for ixodid ticks Of 
specia) interest are snow covered nests of rodents abound 
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Fig 7 Comparative population of Ixodes persul 

catus in neighbourhood of Vangow township 

southern flanks of Sikhote Alin (P A Petrishche 
va 1946) 


ing in Gamasidae which should be collected shortly after 
spnmng thaw 

In the taiga, route collections of hungry :xodid ticks are 
conducted in areas passed by animals on their way to 
watering places or frequented by people Observations by 
B I Pomerantsev and G V Serdyukova in the Suputinsk 
reserve showed that even on the trails proper the distribu 
tion of ticks may vary widely When collections were ex- 
tended deeper into the forest, outside the trail, the number 
of ticks was observed to fall rapidly, to the extent of 
complete disappearance This frequently occurred at a 
aintance af any three to Sve metres fram the cond or tom! 
sde Heaps of deadwood or trmberwork refuse harbouring 
small animals should be examined with special care 
A notable increase in the number of ticks may be ob 
served in the resting places of larger game, usually de- 
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Fig & Comparative population of Ixodes persulcatus in Sikhote 

Alin Mountains Krasnoarmeisk district Primorye territory Figures 

over columns denote eolleenons. per flag hour (P A Petnshcheva 
7) 


tected by the depressed growth Abundant collections were 
made near watering places and especially along game 
trails leading to salt patches regularly visited by large 
game 

Parallel observations are made to clarify the features 
of habitats in nature and on terrain modified by human 
activity Investigations of vanous habitats for tick infest 
ment afford a vivid picture of the mosaic of tick distribu 
tion permitting the establishment of localities with the 
greatest hazards for man (Figs 7 9) 

Data characterising the foci of tick borne encephalitis 
are obtained during geobxsmcal surveys of plant £om 
munities noting the geographic location relief and type> 
of soil An example of such surveys 1s the work of the 
botanist Pisvauhova carried out near Obor Khibarovsh 
territory In 1941 she singled out and described individual 
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Fig. 9 Comparative population of ticks gen. Haemaphysalis 
on an island in the Sea of Japan. Figures denote collections 
per man-hour (P. A Petrishcheva, 1957) 


areas in old cedar—hardwood communities, valley- and 
estuary-type hardwoods, larchwoods with a ground cover- 
ing of sphagnum, and mixed larch- and birchwoods with 
a covering of Calamagrostis. All these areas differ in micro- 
climate, none of them being tick-infested throughout. Tick 
foci in the Novgorod region were described by B. I. Pome- 
rantsev (1935). 

Observations on the seasonal changes in the population 
and activity of imago forms should include counts to be 
carried out not less than once in five days. Counts should 
be made at the same hours, at the time when the ticks are 
most active, 1.e., from 1% to 12. a.m. fout not earlier, owing 
to heavy dew) and 5 to 8 p.m. (the hours of tick activity 
vary locally). Ticks from domestic animals are collected 
at control points every 5 to 7 days, always noting the 
character of the pasture and the length of grazing time. 
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It 1s advisable likewise to count the ticks on the dogs 
which always accompany herds and are subject to mass 
tick attacks 

The quantity of ticks on pastures should be noted to- 
gether with the intensity and time of grazing Frequently, 
the same grazing grounds are visited by both domestic and 
wild ammals (eg, spotted deer m the Far East), which 
should be made particular note of Domestic animals sustain 
an enormous amount of ticks, whence the number of ticks 
On pastures 1s many times more than the amount in remot- 
er parts of the forest where the only hosts of ticks are 
wild ammals Surveys of control pastures are continued 
throughout the warm season, thus following up the tichs 
life cycle from their earlhest emergence until tota) disap 
pearance 

For assessment of diurnal and nocturnal activity, not 
less than 8 tich counts are made during the day and night 
with the use of the same collection techniques Such counts 
should be repeated from 8 to 10 trmes per season 072 
control plots specially chosen for the purpose The methods 
employed for capturing anmmals as well as tick-collecting 
techniques are presented in the subchapter on 1xodid tichs 
as vectors of rickettsial diseases Immature ticks may be 
collected in nature by means of hve bait—white mice, 
wild Murtdae, hedgehogs The animals are put into small 
cages made of metal netting R R Shanpova (1957) recon 
mends putting white mice into plywood cages with a 
supply of food, providing free exit and entry 

It 1s advisable to present the seasonal dynamics of tich 
activity in its relation to the phenological plant spectrum 
Phenological phenomena 1n the flora should be noted on 
plants most typical for the given area Phenomena to be 
noted include unfolding of buds, appearance of leaves and 
flower buds, blossoming, fruiting The indicators to be 
used are birch, aspen prichwood lilac bird cherry, 
rowan-tree, acacia, hazel dog rose, currant, raspberry, 
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For experimental observations on the development time 
of separate stages in various biotopes, the ticks are main- 
tained in 60X40 mm cages of wire netting (mesh—1 mm) 
or capron mill gauze Tick hibernation 1s best observed in 
mill gauze covered wooden boxes 4X10X2 cm in size, 
placing them in various biotopes at various litter depth 
Such boxes will better last through the winter in the Iitter, 
the ticks contained endure conditions corresponding to 
their natural environment At the sites chosen for the 
cages it 1s necessary to measure the depth of the snow 
Tick migrations may be studied by marking the arthropods’ 
backs with enamel paint 

The number of ticks m one and the same place varies 
annually, depending on climatic factors and the abundance 
of hosts Hence, the studies should be repeated for several 
different years 

The methods employed for the study of ticks should 
be chosen with regard to the conditions of work In route 
type expeditions the work 1s chiefly restricted to collec 
tion of live specimens and observations en route In expe 
ditions of more stationary character certain laboratory 
work 1s possible The full scale study programme may be 
carried out at permanent establishments set up in regions 
and areas harbouring natural or man affected foci of tick 
borne encephalitis 

An all round survey of a focus should include the follow- 
ing virological studies (1) isolation of the pathogen from 
Patients, ticks and wild animals, (2) testing of small wild 
fauna and large domestic anumals for complement fixing 
and virus neutralising antibodies 

Investigations on spontaneous tick infection are carried 
out by feeding the latter on white mice as well as prepar- 
ing suspensions of tick viscera for subsequent inoculation 
of white mice To assess the percentage of infected ticks 
in different biotopes, 10 mature ticks should be taken per 
test, since otherwise the results obtained from different 
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foct of the USSR cannot be comnared tn primary in 
vestigations of a Jocality for infected ticks, up to 30 hungry 
adults and 500 nymphs and larvae should be taken per test 


IMPORTANCE OF VERTEBRATES IN FOCI OF TICK BORNE 
ENCEPHALITIS 


Vertebrate hosts According to summary data supplied 
by T G Galuzo (1950), G V Serdyukova (1956) et al 
among the ammals inhabiting the USSR which serve as 
hosts for ticks in foci of tick-borne encephalitis, there are 
253 species representing three classes of vertebrates, viz 
103 species of mammals, 141 birds and 9 reptiles The total 
number of hosts varies considerably for different species of 
ticks, comprising 194 for I persulcatus, 111 for I ricinus 
70 for H_ concinna, 56 for D silvarum, and 21 for H ja 
ponica 

Among the multitude of animal host species inhabiting 
the foci, the importance of different species ts far from 
equal, and at present may be assessed by relative data on 
tick infestment, the so-called abundance indea (mean num 
ber of ticks per inspected animal), intensive infestment 
(mean number of ticks per animal infested) extensive in 
festment (percentage of tick infested animals among the 
total inspected population) Since practically any anima} 
may become a host, the most numerous and mobile among 
them are likely to be most important in this respect 
Accordingly, principal, supplementary and secondary hosts 
may be distinguished for each metacychic stage The prin 
cipal hosts in a given focus are the species with a Ingher 
degree of infestment, occurring in comparatively large and 
stable numbers Species with a high degree of infestment 
but irregular in number are referred to as supplementary 
hosts, and those with permanently fow infestment are 
known as secondary hosts By virtue of their permanent 
presence, the principal hosts ensure the stable existence 
of ticks in various parts of natural foc: of tick borne 
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encephalitis The periodical mass appearance of supplemen- 
tary and secondary hosts leads to expansion of the tick 
population and promotes their wide spread through the 
focal area 

However, in each given focus, the ticks an the course of 
their metamorphosis have to do not with separate species, 
but with a definite assortment of hosts The importance 
of andividual host combinations may vary both seasonally 
and annually Thus, the bank vole shrew combination pro- 
viding for the existence of ticks in their first stage, occurs 
in all foci throughout the USSR At the same time, the 
numbers of either species are known to vary from year to 
year These quantitative variations are usually asynchro- 
nous, but the permanent presence of either of the species 
ensures the survival of ticks im the foc: The nymphal 
host combinations may also be permanent (birds, hedge 
hogs) or variable (squirrel, hare, chipmunk, etc ) :n content 
The total nymph population depends on the number of 
nurtured larvae, 1e , indirectly, on variations in the number 
of small mammals 

The importance of different species in sustaining ticks 
1s unequal The most typical host species among mammals 
are the bank vole (g Clethrionomys), shrews (g Sorex), 
mice (g Apodemus), northern birch mouse (Sicista betu- 
lina), chipmunk (Eutamias sibiricus), hedgehog (Erinaceus 
europaeus) and, apparently, all woodland species of carnt 
vores and ungulates Among birds, the most important 
are biological groups containing species which collect their 
food from the ground (tree pipit, bunting, thrush, Gallina 
ceae, Starling, jay, chaffinch and certain others) However, 
the infestment indices and, accordingly, the :mportance 
of these bird groups in various foc:, differ considerably In 
European foct their importance in maintaming ticks 1s 
less, being appreciable only in years with high trck popula- 
tions It should be remembered that owing to their high 
mobility, birds are of great importance 3n disseminating 
ticks through an area 
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In some foc, the open space species, 1 e , so called mead 
owland and field forms, turn out to be the most important 
hosts, which is mostly manifest in regions with large 
areas of ploughland or meadows emerging in the plice of 
felled forests Being unstable in number, these species may 
occasionally become the most important hosts This hap 
pens particularly often in European foci with the common 
vole (Microtus arvalis), in Western Sibena with the narrow 
skulled vole (Microtus gregalis), common hamster (Cricetus 
cncetus), in the Far East with the reed vole (Microtus 
fortis), the harvest mouse (Micromys minutus) and almost 
everywhere with the striped field mouse (Apodemus agra 
rius) 

Individual metacyclic stages are most frequently en 
countered on definite animals, Jarvae—on smal! mammals 
and birds, nymphs—on medium sized mammals and birds 
imago—on large vertebrates Occasionally, in absence of 
the habitual hosts, the ticks may suck blood from other 
animals For example, nymphs may occur on small mam 
mals, and adults on mammals of medium size Thus, the 
highest incidence and relatively highest infestment rates 
are mostly associated with hares (g Lepus) hedgehogs 
(Erinaceus europacus) and less with squirrels (Sciurus 
vulgaris) and chipmunks (Eutamias sibiricus) The afore 
said phenomenon of host substitution 1s of major impor 
tance in the maintenance of natural foci 

Vertebrate vectors of tick borne encephalitis At present 
spontaneous infection with the virus of tich borne en 
cephalitis has been revealed in 24 species of mammals and 
14 birds (see table) 

In all foc: certain spontaneously infected mammals and 
birds have been demonstrated to be the principal hosts 
of ticks The greatest number of virus strains has been 
tsolated from bank voles, shrews yellow necked field mice 
forest mice and chipmunks and among birds—from pipits 
wood hens, buntings and thrushes The number of spon 
taneously infected vertebrates increases from west to cast 
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Spontaneous Jofection and Susceptibility! to ihe Virns of Tack Borne 
Laeephaliis im Vertebrates am the USSR 


Species 


Reg on in 
which spon 
taneous infec 


Luthor and year 





Common hedgehog 

(Erinaceus europaeus) 
Mogers mole 

(Mogera robusta) 
Common shtew 

(Sorez araneus) 


Common squirrel 
(Sclurus vulgarts) 

Chipmunk 
(Eutamias stbirieus) 


Torest dormouse 
(Dsromys niteduta) 

Northern birch mouse 
(Stetsta betulina) 

Ticeld mouse (A podem is 
agrarius) 


Common forest mouse 
(Apodemus syitaticus) 





Altat 
Sverdlovsk 
101 
Sverdlon sh 
On 
Tomsk 
Tegion. 
Far Cast 
Tatar 
ASSN 
Tomsk re 
gion 
Tater 
ASSR 
Far Tast 


Leningrad 
1001 
veltiiye Lu 
ki region 
Perm region 
huibysbev 
101 
Tatar 
ASSN 
Kazakh 
SSR 


V_ D Solovyov 1938 


V_ D Solovyo, 1938 


A L Dumina 1958 
aes Tyushnyabova 


A A Pcholhina 1957 
M P Chumakov 1939 


M P Chumikoy 1939 
M Wh Tyushnyabova 
1955, 


\. D Soloxyov 1938 
G hb Gilmanova 1938) 


M A Tyushnyahova 
1954 

G Kb Gilmanova 1998) 
A_N Sotmthoy and 
1 M Ambarnikov 195F 
CN Levhovich 1942 
A K Shubladze 1942 


V_ D Solovyo. 194f 
LB Popov. 1904 


G kb Gilmanova 1908 
1 G Galuzo 19:2 


| suscept 
Bitty” : 


Gage 


v 


v 


1 Dita on susceptibthily are given only for species reveahng 
01 


spontancous infection with fle virus of tick 
I — low susceptibility 


bols S—suscepuble 


P—susceptibility not established 


Wd 


ne encephalitis Sym 
N—non susceptible 


(Cortinued) 














r 3 
sseeies taneous tater \wiber and year sp 
tion ws gS 
found a. 
! a 3 [3 
Targe Japrnese field Altay A A Peholkina 1957 
mouse (Afodemus spe } Far Fast |} 4 G Panoy 1958 ‘ 
clocus) 
Yellow aeched field Kurbysties {| ¥ D Soloyvor, 1955 1 
mouse (Apodemus flart region 
eollis) 
Common hamster Tomsh 1D Ronzhina 1946 > 
(Cricetus ericetus) region 
Bank vole Byclorus | Wo P Chumakos, 1910 
(Clethrionomys glarco {saan SOR 
lus) Perm region} ¥. D Solovyov, M0 | ? 
Bashkir G kb Gilminova 1956 
ASSH 
Tatar G kt Gilmanova (955 
ASR 
Omsk region} T \ Zakorkina 1953 
Northern red backed vole | Perm region] VD Solovyov 1910 
(Clet! rronomys rutttuc) [Orash region] T \ Zrhorhkiny 1908 | 7 
Tomsk re | Mo Tyushnyhova 
gion 1954 
Alta A A Peholkina 1957 
Large toothed red backed Alta AA Pehothina (957 
vole (Clethrionomys ru | Perm region] A A Petrova 19tf N 
foranus) Far fast | VD Solaray 1933 
Common vole (Mierotus } Tomsh re | MOK Trushavakova 
arralis) gion 192 s 
Field vole (Meerctus agre | Tomsh re | Mo Tyushnythova 
stis) Rion 4934 
Root vole (Wierotus ceco Attar 4 A Pehothiny 19,7 
nomus) 
Narrow shulled sole (VI Tomsh | 1 D Ronzlina 1946 > 
erotus gregalts) region ‘ 
Altar pha (Ochotona at Altar A A Peholkina 1957 
: nina): Krasnoyarsk} TN /thorhina £98 | ? 


territory 


White hare (Lepus timt | Sverdlovsk } MOP Chmmabo 19391 NV 
dus) regi 
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Region in 


(Continued) 

















which spon 6 
Srecies taneous infec, Author and year ee 
tion Was. g= 
found na 
1 2 3 4 
Class Birds { ltves) 
Wood hen (Tetrastes bo Altai AA_ Pcholkina 1957 
nasta) Krasnoyarsk T N 7thorhina 1998 | ? 
territory 
Tar Fost |} I A Moskvin 1910 
Cuchoo (Cuculus canoris) Altar A A Pebolhina 1957 | ? 
Common bunting Tomsk re | Y V Fyodorovy 1956 | L 
(Fmberiza cttrinella) fron 
Yellow necked bunting | Far Cast | 1 A Moshvin 1910 ? 
(Lmberiza elegans) 
Chaffiach (Fringsila coe | Tomsh re | Y V Fyodoroy 19.6 2 
lebs) gion 
Tree pipit (Anthus treet Tatar G hh Gilmanoya 1958} > 
alis) ASSN 
Tomsk Y V> Fyodoroy 1956 
region 
Indian tree pipat Kmsnoyarsk| T N Zakorbina 1958 | ? 
(Anthus hodgsont)} territory 
Nuthatch (Sttta europaea}} Far East | U A Moskvia 1940 ? 
Fieldfare (Turdus pilaris)) Tomsh L D Ronzbina 1946 ? 
region 
Grey backed thrush (Tur Fae East | I A Moskvin 1940 ? 
dus hortulorum. 
Bloch throated thrush Krasnoyarsk] T N Zahorbing 1958 ? 
(Turdus rubloolits; territory 
Whute throated roc! Tar Past | A N Sotnihova and 2 
ees (Monticola gula IM Ambarmihov 
ris 
Golden mountain thrush] Far last | D G Tatarinova 1957] ? 
(Oreocinela dauma) 
Blue nightingale (Lusct For Past | J A Moskvin 1940 ? 


nla cyane) 


the specific assortment of the infected animals hkewise 


changing 


Apart from typica) woodland species, infection has been 
revealed 1n a number of species associated with open ter- 
rain im the common and narrow-skulled voles (M arvalis 
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and M gregalis), common hamster (C cricetus) and 
among birds, in tree pipits and Indian tree-pipits (A tre 
vialis and A hodgsoni) In most cases, natural infection in 
animals was established by isolating the virus from the 
brain, its incidence in the blood being very rare, which 
mdicates limited disseminating capacity and the transitory 
character of hostship in vertebrates The transitory im- 
portance of warm bloaded vertebrates as hosts 1s also 
testified by (a) considerably lower incidence of infection 
in the former than in ticks (b) in some years, at mass sur- 
veys total absence of infection (tn contrast to the frequent 
incidence of the virus in ticks) (c) later incidence of the 
virus in animals than in ticks 


SUSCEPTIBILITY 


V_ D Solovyov (1939, 1940, 1941, 1944), A A Smoro 
dintsev et al (1939, 1943), 1 A Moskvin (1940), E N Lev 
kovich et al (1954) E S Sarmanova et al (1956) have 
experimentally established varying degrees of susceptibil 
ity to the virus of tick borne encephalitis in different 
animals and birds (see table) Individual species were set 
down as susceptible when imoculation was followed by 
the development of obvious symptoms of the disease, the 
virus circulating in their blood for longer periods Low 
susceptibility was stated for an:mals with a symptomless 
course of the disease and short term virusemia (not more 
than 15 days) The non susceptible or resistant species are 
those in which the virus ts maintained for a short fength 
of time and does not accumulate 

As evident from the table, many species pecuhar to foct 
of tich borne encephalitis have not been studied These 
include mammals, such as all the species of shrews moles 
bank voles and birds such as pipits and thrushes etc Of 
the species already studied, most woodfand forms appeared 
to be low susceptible or resistant The degree of suscep 
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tibility did not prove to be a specific feature throughout, 
individual variations being revealed in different specimens 
of the same species Thus, hedgehogs obtained from areas 
endemic and non-endemic for tick borne encephalitis, react 
differently to inoculation with the virus (V D Solovyov) 
The same was revealed in such highly susceptible mammals 
as grey voles (M arvalis) in the experiments by V D So- 
lovyov and E S Sarmanova, and in linnets (Acanthis flam- 
mea) by] A Moskvin 

Apparently, the resistibility of different specimens 
towards encephalitis is determined by their individually 
acquired immunity Possibly, the species more frequently 
contacting ticks in the course of evolution, developed a 
respectively higher degree of immunological adaptation 
Otherwise, in case of high susceptibility to the disease, 
these species could not have survived in the focal bioce 
noses, and the foci themselves could hardly have proved 
to be stable This, probably, accounts for the fact that the 
animals and birds classed as low-susceptible and resistant, 
usually include the most typical woodland forms On the 
other hand, species non-typical for woodlands, but occur 
ting therein, e g, meadowland forms (grey voles), reveal 
an exceedingly variable degree of individual resistance to 
infection 

In vector ticks, contagion may take place only when the 
virus occurs in the peripheral blood of the donor Hence 
the length and intensity of virusemia are indicative of the 
importance of various animal species in focal biocenoses 
Expermments by E S Sarmanova (1948), and by the same 
in collaboration with A L Dumina (1956) demonstrated 
that both susceptible and non susceptible animals generally 
carry the virus in their central nervous system for Jonger 
periods than in their blood The term of virus circulation 
in the blood varies broadly for different animals and does 
not correspond to the latter's level of susceptibility These 
variations may range as follows (1) for susceptible species 
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grey vole (M arvalis) from 3 to 8 days, hedgehog (E euro 
paeus) and hnnet (Acanthis flammca) up to 15, (2) for low- 
susceptible species chipmunk (E sibiricus) from 3 to 10 
days, bunting (E citrinella} up to 6 days, (3) for non- 
susceptible species large toothed red-backed vole, up to 
15 days In the blood of the susceptible reed vole the virus 
could be revealed during three days, while in that of the 
low susceptible large Japanese field mouse (Apodemus 
speciosus) it remained apparent for up to ten days 
(A I Drobishevskaya, 1943) 

Although the virusemic terms in both groups of animals 
are limited (not exceeding 15 days), practically, either 
group may infect ticks The concentration of the virus in 
the blood of all animals so far studied, 1s quite sufficient 
for the ticks to receive the pathogen and maintain it 
through subsequent metamorphosis The terms of viru 
semia in natural conditions are incomparably shorter than 
tm experimental conditions Hence, practically, the con- 
cidence between the calendar terms of virusemia in ani- 
mals’ blood and the attacks of hungry ticks on virus- 
carrying hosts 1s of decisive importance 

A potential factor limiting the spread of the virus may 
be immunisation of animals by the bites of virus carrying 
ticks The possibility of such :mmunisation has been proved 
experimentally (E N Levkovich and A N Shmnnik, 1941) 
Antibodies neutralising the virus have been found in the 
blood of many wild and domestic animal species (V D So 
lovyov, 1941, 1944) 

Investigations carned out by A L Dumina (1957, 1958) 
in foci of the Kemerovo region, demonstrated that anti- 
bodies occur more frequently in rodents than in adult 
birds, which indicates greater contact of the former with 
infected ticks In these experiments the blood of nestlings 
revealed no antibodies, 1¢, birds are unable to passively 
transmit the antibodies from parents to progeny In the 
case of rodents, the incidence of immunity in the young 
depends on its occurrence among adult animals which may 
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passively transmit the antibodies to their offspring Hence 
the comparatively greater possibility of dissemination of 
the virus among birds than among rodents Since virus 
circulation in a natural focus, on the one hand, proceeds 
together with the metamorphosis of ticks (from stage to 
stage and transovarially) and on the other hand, includes 
im its chain a large number of animals, the combined 1m 

munological effect on the said circulation proves consider 

able, all the more so that not all tick specimens involved 
transmit the virus from stage to stage and through the 
eggs (A L Dumina, 1954, 1957) A prerequisite for the 
maintenance of natural foci of tick borne encephalitis 1s 
the regular replenishment of the virus 1n ticks during blood 
meals, which, as stated earlier, 1s only possible with a 
sufficiently high percentage of non immune animals in the 
focus Best suited for this purpose are species and groups 
of species most frequently renewing their population 
(Muridae, shrews, squirrels, hares), or not transmitting 
their smmunity to their offspring (birds) A special part in 
disseminating the virus over an area 1s played by species 
of animals broadly fluctuating in number and highly sus 

ceptible to tick borne encephalitis 

On the other hand, because of their long contact with 
trcks an the respective foci, species with relatively stable 
populations and greater longevity, rather quickly develop 
immunity to the virus, so that their zmportance in spread 
ing the infection becomes mconsiderable (large domestic 
and wild animals) An earlier suggestion that in these 
species the effect of their own antibodies may cause self- 
Sterilisation, 1€ , elimination of the virus in the ticks which 
they feed, was not confirmed in the experiments of 
A L Dumina (1958) 

Thus, taken alone, data on natural infection and sus 
ceptibility are not sufficient for assaying the part played 
by different warm blooded species in circulating the patho 
gen The basic criterion is not even the level of virusemia 
but the extent of immunisation of the animals which 
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depends on the degree of contact between individual 
animal species and infected ticks Despite the ability of 
tichs to retain the virus during metamorphosis, the virus 
cannot be maintained in natural foci without regular re- 
plenishment from warm blooded species Hence, the leading 
role in spreading the virus may belong only to those species 
which regularly re stoch the focus with non immune spec- 
imens capable of infecting and being infected by ticks 

The yearly fluctuations in the number of infected ticks, 
exert an influence on the intensity of epidemiologic proc- 
esses in various foct, 1e, the basic epidemiological in 
dices are largely determined bv the entire course of the 
respective epizootological processes, and in the first place, 
by the incidence of virus carrying ticks In consequence, 
all kinds of zoological and other research in foci of tich- 
borne encephalitis, should primarily be directed towards 
a single objective, viz, disclosing the regularities of the 
pathogen s circulation in nature depending on various en 
vironmental factors 


TECHNIQUE OF ZOOLOGICAL RESEARCH IN Foci 
OF TICh BORNE ENCEPHALITIS 


General biological research Purpose determination of 
specific assortment, distribution and number of vertebrates 
Basic technique counting vertebrates and mapping the 
results on a chart of the area 

The chart 1s drawn up on the basis of foresters’ plans 
indicating different types of forest and other terrain 
Acquaintance with these will promote determination of the 
typical habitats occurring in the locality under survey and 
their relative square area As a basis for research, the 
chart 1s primarily needed for orientation on the terrain, 
while in the course of worh it 1s used to draw routes, pfot 
counting lines and areas, permitting a momentary estimate 
of the evenness of survey work over the area, which 1s 
imperative in the study of natural foci 
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In accordance with the local assortment of different 
habitats, a time table of research on the quantitative rep 
resentation of various groups and species of vertebrates 1s 
drawn up Basically, there exist two counting techniques, 
viz, relative and absolute The former affords merely 
an idea of the comparative abundance of animals in dif 
ferent habitats and the relative yearly and seasonal fluctua- 
tions in their numbers Absolute counts serve to estimate 
the actual number of animals per unit of area and reflect 
the true size of their population 

Counting small animals Relative counts of small animals 
inhabiting natural foci are accomplished by snaring or 
trapping with the respective devices set in lines, or by 
catching in pits Trap lines are employed for counting in 
the following way 25 traps are baited with standard mix 
tures (bread and carrots sliced into cubes and sprinkled 
with vegetable oil), and set at five metre intervals within 
the limits of a single habitat The traps are put out for one 
night and removed the next morning The relative popula 
tion index 1s estimated by the number of animals captured 
per 100 traps Assessment of a habitat requires not less 
than 6 trap lines, or 150 trap days The procedure 1s ap 
plicable in counting bank voles, mice root voles and to a 
Jesser extent, common voles and shrews 

Counts with the use of pits are also carried out in the 
key habitats The pits are made one spade deep and wide 
and 50 m long The bottom and sides of the pit should be 
smooth Cylinders are set along the bottom of the pit at 
imtervals of 10 m and no less than 40 cm deep When 
mstalling the cylinders, no spaces should be left between 
the latter and the sides of the pit The pits are examined 
twice daily, in the morning and evening The number of 
animals caught m a pit during 10 davs 1s taken as a unit 
Pit trapping constitutes the most important method for 
collecting and studying the feeding dynamics of :xodid 
larvae and nymphs The method 2s used in counting all 
species of voles field mice and small Insectivora (land 
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shrews, water shrews, etc) It 1s less applicable for count- 
ng mice, the required cylinder height in their case being 
70 cm 

The basic shortcoming of counts employing trap lines 
and pits is thit the amount of captured animals depends 
not only on the latter’s number, but on their mobility, nor 
do the former provide an idea of the population density of 
small mammals The mentioned drawback 1s overcome by 
computing selective estimates for chosen sectors of the 
area The procedure comprises the fo'lowing Wire cage- 
traps are staggered ten metres apart over an area of one 
or two hectares, each in a permanent place The traps are 
examined twice daily, marking the captured animals by 
cutting off their toes in various combinations (the mght 
hind toes for digits, and the left for tens, the mght fore 
toes for hundreds, and the left, respectively, for thousands) 
On marking, the animals are released, having previously 
collected their ectoparasites Further repeated captures of 
the same animals wil provide an estimate of the number 
of specimens inhabiting the sector, 1e , the absolute animal 
population A shortcommg of the method, apart from labo- 
riousness, 1s that it may only be employed for roJents— 
mice, hamsters, bank voles, root voles, and to a lesser 
extent for other voles 

Squirrels, chipmunks, hares, hedgehogs Squirre) populz 
tions are counted along control stnps with the help of a 
dog The observer walks along a fixed route through the 
forest at an even pace of 2 or 3 km per hour and counts 
all squirrels barked at by the dog, noting the type of 
vegetation Control strips should cover not Jess than 1 per 
cent of the area of typical habitats, the routes extending 
for not less than 10 to 15 kilometres Counts along each 
route should be repeated not less than 2 ov 3 times in 
morning hours, dry weather being an imperative The 
number of saurrrels both met and captured :s computed 
per unit of area (totally and bv habitats), assum 1g the 
range of the dog’s search to be 50 m The counting results 
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may be affected by the efficiency of the dog, which should 
be known beforehand Of other methods, we may advise 
counting squirrel nests on control routes by a team 
of 2 or 3 men moving abreast with intervals of 20 to 25 
metres Some idea of the squirrel population may be gained 
by interrogating hunters 

Chipmunhs in spring mav also be counted on control 
routes with the help of a dog and whistle, and in summer 
and autumn bv checking the number of animals leaving 
their nests Finally, a source of indirect information may 
be pelt hunting data or trappers’ reports 

Hare counts are usually made in winter, the animals 
being driven along control stnps not wider than 500 m 
The team members delete all tracks around the plot, and 
start out, moving with as much noise as possible After 
the procedure 1s over, all exit tracks are counted In spring, 
prior to the development of grassy vegetation, hares may 
be counted with a dog 

Studies of hedgehog population and distribution are also 
made with dogs on routes or sectors specially marked off 
for the purpose 

Birds Passeriformes are counted on routes or sectors, 
Galhnaceae—only on routes One four hectare (2,000x 
X200 m) counting ground 1s marked off apiece in no less 
than three of the most typical woodland habitats At dawn 
the ground 1s crossed by transversal routes running parallel 
to each other at intervals of 50 m, note being taken of the 
number of singing males The count 1s repeated every 
morning for four days, the mean number of males being 
multiplied by two, which gives an estimate of the total 
bird population After the end of nesting, counting routes 
are lad oat at 20 m wtervals, and alt the birds met en 
route are counted by sight Permanent routes 25 or 3 kilo- 
metres long are laid in such a manner as to cross the basic 
woodland types in a size ratio roughly proportionate to 
the areas occupied by the corresponding types of forest 
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2 & 4 
ee meires of covered route ave taker 25 2 coun 
Co.nt.ng routes for Gellinaceae are covered Masrge 
€Acurs oa, the length of a route being not less than 10 km 
The b.rds are counted on a stp 40 m wide (20 m to each 
side of the route), for eaca type of forest separately The 
aren Of all routes covered should be not less inn 
Carnn ores and ungulates The existing methods of coun 
ing large mammal» are painstaking, the usual tre for cuen 
counts bemg winter In some cases it 15 practicab'e ta 
coznt Jars and burrows of carmores dunng the set’led 
pencd of their life Large ungulates may be counted fre 
aircraft. The data thus obtained provide a rough estimat+ 
of the population density of large mammals 01 the area 
under survey Apart from direct counts, some notion of the 
latter s number and distmbutron may be obtained by cert 
mdirect charactenstics Thus, for ungulates, tt may be 
useful to locate pastures, wateving places and migration 
ro.ates (tras) Regular observations should be carred ov: 
m such places, noting systematically the appearance of 
fresh tracks, the specific assortment, appoximate numb" 
and direction of migration of the respective anva's 
Relatnve carm ore counts may be based on the aru" of 
baits wh ch they devour in vanous parts of the forest. 
Sufficienth detailed formation 07 the number and ds 
tnbution of game max be odtamed 01 request ey 
ing estabhshmenis hunting reserves and focal hunts 
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trails in the locality ! 
with formation on the permanency 
Fo- manv foci, such matter constitut 
data for all subsequent worh. 
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UTILISATION OF VERTEBRATE COUNT FINDINGS 


Count data, first and foremost, provide an idea of the 
vertebrate fauna on the area under survey, as well as its 
specific composition and distribution among habitats With 
the use of special symbols, the data are plotted on a key 
map, clearly showing the level of vertebrate population 
for different habitats and the habitats with the densest pop 
ulations It should be borne in mind that various counting 
techniques characterise the fauna in different ways, being 
mutually complementary, owing to which the completest 
data are obtained by combined use of various techniques 

Quantitative counts serve to establish the regularities 
in the seasonal and yearly fluctuation of animal populations 
in different habitats This furnishes the basis for deter- 
mining those habitats in the natural focus that possess 
more stable animal populations, among which the species 
of relatively high and stable number (the potential prin 
cipal hosts) may be noted alongside with those whose 
populations are high but unstable (secondary hosts) For 
birds, it 1s also important to define the ecological associa 
tions of each given ground species In the aggregate, these 
findings present a preparatory stage necessary for evaluat- 
ing the umportance of different vertebrates as tick hosts 

Finally, observations of animal mobility carried out 
during quantitative surveys, offer a means of determining 
the migration range of the respective species, as well as 
seasonal and annual changes in their use of the area 
under survey This information forms a basis for estimat- 
ing the extent of contact between different species and 
ticks, and the potentialities of the latter's dissemination 
through the area The findings on animal population 
dynamics, tugrauien and seasonal concentratiens, should 
likewise be plotted on a map with the use of special 
symbols All the obtained general biological data offer a 
starting point for further special research in the foc: of 
tick borne encephalitis 
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SPECIAL RESEARCH IN FOCI OF TICK-BORNE 
ENCEPHALITIS 

The special studies described hereunder are purposed 
to establish the role of vertebrates in natural foci, and tn- 
clude parasitological and virological investigations Both 
these aspects of research are interrelated, the choice of 
techniques employed for both being largely determined 
by the findings of general biological surveys 

Parasitological investigation at its first stage ascertains 
the importance of individual species in the maintenance 
of ticks The basic techniques employed are collection of 
ticks by combing the animals, and estimatton of the latter's 
importance as hosts 

Most generally employed are data on relative tick-carry- 
ing importance which are obtained by computing the mean 
number of ticks per investigated or infested animal, the 
resultant indices being called, respectively, the abundance 
factor and intensive infestment rate, or by calculating the 
percentage of infested animals (extensive infestment rate) 
without regard to the size of the population of different 
species More workable data are obtained from analysis of 
information gathered at vertebrate population counts 

In the case of relative population counts, use 1s made 
of information on animal infestment per counting unit, 
1e, the number of ticks collected per 100 trap-days or 
10 pit days (for small mammals), per 1 kilometre of route 
(for birds, etc) The said factor, 1e, infestment per count- 
ing unit, incorporates all the enumerated indices, with 
reference, however, to the relative animal and bird popula- 
tion, and may be used for comparison of infestment data 
for individual seasons, years and habitats However, since 
comparison between data per counting unit collected by 
different techniques, must needs be highly relative, only 
the figures obtained by one single method are practically 
comparable This shortcoming is non-existent mm the case 
of estimates of actual tich-carrying importance, which are 
founded on absolute vertebrate counts and overall infest- 
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ment assays, and are usually expressed in terms of the 
number of ticks per unit of area In the latter instance, 
despite distinctions of counting techniques, the materials 
obtained for different groups of vertebrates are mutually 
comparable 

The precisest data on tick-carrying importance are 
obtained by regular combing of marked animals trapped 
on test grounds, which not only permits calculation of 
animal infestment per unit of area, but provides absolute 
data on the number of ticks maintained during the season 
Unfortunately, up to the present this method 1s applicable 
only for rodents An essential common drawback of 
absolute techniques ts their laboriousness, and hence their 
restricted applicability on areas of any appreciable size, 
and total ampracticabilty for certain groups, eg, Insecti- 
vora Issuing from investigations of vertebrates carned out 
for each stage of tick metamorphosis, the principal, inter- 
mediate and secondary hosts are established 

Apart from determining the importance of separate ver- 
tebrates as tick hosts, the results of counts are used for 
solving certain problems of parasitological character 
Regular collection of material during counts permits the 
following to be clarified for the area under survey 

(1) distribution through habitats and relative population 
of different tick stages, 

(2) seasonal, or (in perennial surveys) annual regular- 
ities of parasitising on different species of animals, and, 
in particular, substitution of hosts from among the avail- 
able host assortment, depending on the level of the latter's 
population, 

(3) regularities in fluctuations of tick population asso 
ciated with changes in the population of the host species, 

(4) distnbution of sectors of the area which possess 
permanent tick populations 

The findings obtained are charted, using special symbols 
to outline tick foc: for which detailed biotopic and faunistic 
descriptions are given together with square measurements 
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of their area The location and descnption of areas har 
bouring permanent tick foc: presents an important pre- 
himinary for the solution of the cardinal problem of detect- 
ing permanent foc: of tick borne encephalitis on the basis 
of virological studies 

Virological investigations are purposed to establish the 
importance of vertebrates in virus circulation in the natural 
foci as a whole, and their significance in maintaining the 
virus in individual sectors of the latter which are called 
elementary foci 

The importance of vertebrates in the circulation of the 
pathogen through natural foc: 1s established bv testing 
their cerebrum and blood for the presence of the virus 
(detection of spontaneous infection) Besides direct assays 
of anima) infection 2n a focus, there are a number of 1ndi- 
rect methods, such as the establishment of complement 
fixing and virus neutralising antibodies in animal blood 
and their relative content in different species from different 
parts of a focus In small mammals and birds such tests may 
be carried out on liver and spleen extracts instead of blood 

The virus carrying importance of animals 1s also estab- 
lished experimentally, by infecting different species of tick 
hosts in order to determine their susceptibility and the 
time and intensity of virus circulation in their blood (the 
degree of virusemia) The latter m donor animals deter 
mines the ability of ticks to recerve the virus and maintain 
it through subsequent metamorphosis 

In accordance with the cited techniques, virological 
investigations are conducted along three lines (1) assess 
ment of spontaneous infection (2) serological studies (de 
termination of animal immunity levels) (3) experimental 
tests of vertebrate susceptibility to the virus of tick-bome 
encephalitis Virological work on all these aspects 15 hnhed 
up with zooparasitological findings, particularly tick pop 
ulation and animal infestment data The stated principles 
should be borne in mind dunng the collection of matenal 
for investigations The most valuable results are obtained 
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when collecting virological maternals during vertebrate 
population counts 

In estimating spontaneous infection and ummuntty levels, 
the most important subjects of observation are as follows 
(1) percentage of infected and immune individuals in dif- 
ferent species and in different age groups of the same spe- 
cies in relation to their importance as tick hosts, (2) degree 
of infection and immunisation for individual species 1n cer- 
tain habitats distinguished by high populations, (3) reg- 
ulanities of yearly and seasonal variations 1n infection and 
immunity of animals for different habitats, depending on the 
level of population of different species and tick infestment 
rate 

Of special tmportance are virological investigations on 
the most widespread animals in the vears when their 
population levels differ This work serves to elucidate the 
role of vertebrates in disseminating the virus through the 
area im different years and helos to establish the animal 
species responsible for changes 1n the epidemiological situ- 
ation in natural foci, which 1s essential for eprdemiological 
Prognosis Definitive evaluation of the importance of indi 
vidual vertebrate species in the circulation of the pathogen 
of tick borne encephalitis, is possible only after conducting 
susceptibility tests For this purpose the virus 1s introduced 
into the most important samples of animals and birds 
obtained from epidemiologically different habitats These 
tests are necessary to ascertain (1) the degree of suscep 
tibility of various species, (2) the degree of virusemia in 
different species and the potentialities of tick infection 
from the latter, (3) transmission of immunity to the young 
in different groups of animals and birds 

These findings will provide the material for definitive 
determination of principal and secondary pathogen carriers 
among the vertebrates in the natural foc: All the virolog: 
cal data are plotted on a map providing a vivid picture of 
the distribution of elementary foci through the area and 
presenting the means of determining their size 
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PROPHYLAXIS 


The earhest measures to be adooted against ticks in 
our country were scientifically grounded and elaborated 
by Academician Y N Pavlovsky (1924 1937) in regard to 
a number of tich transmitted diseases The first recommen 
dations for anti tick prophylaxis in encephalitic foci were 
hhewise scientifically grounded by Y N Pavlovsky (1940) 
and his disciples G S Pervomaisky (1941) et al Individual 
prophylactic measures found wide apphication in tick borne 
encephalitis foc: of the Far East from the very first years 
pending the discovery of the disease and have retained 
their importance ever since All subsequent work on the 
control of tick borne encephalitis has confirmed their lead 
ing significance 

Anti tich prophylaxis 1s effected by the use of protective 
means preventing the attachment of ticks to the human 
body and various means of eliminating ticks over the area 


Individual Protective Measures 


Tuching in one s clothes The surest and simplest means 
of individual protection against ticks 1s to carefully tuch 
m ones clothes at all joints Shirts or blouses are tucked 
into tightly belted trousers Sleeve cuffs should fit as close 
as possible but are best tied with tape or elastic bands 
Trouser cuffs are tucked into tight socks or puttees the 
suit or coat collar should closely fit the nech 

Tich proof clothing During field work in areas abounding 
in ticks it 1s advisable to wear special clothing whose cut 
prevents the penetration of tichs to the body eg a loose 
gym shirt and trousers made of strong stuff and 1f pos 
sible waterproof The material should be sufficiently po 
rous to permit free evaporation of sweat 

The khaki-coloured stuff should be smooth so 1s to 
hinder attachment of ticks The shirt top ts made double 
for protection against mosquitoes and greater durability 
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The sleeves are long, wide and loose-fitting, except for the 
sleeve-ends, which should be tied with tape or provided 
with elastic bands. The same applies to cuffs, if present, 
as well as collars: best of all if the shirt is supplied with 
a zip-fastener. The trousers are made of stronger material 
and wider than usual. The waist is threaded with an elastic 
band or string, the free ends being tied up. The trousers 
should have double knee-caps and large surface pockets. 

With clothes well tucked in, the only parts left exposed 
are the face, neck and occiput. These may be protected 
with a bandana of light, fine-meshed muslin. 

The best foot-gear are boots, which should tightly fit 
the shanks to prevent penetration of ticks, 

Self- and mutual inspection are obligatory with any 
kind of clothes. Observations have shown that inspections 
should be made twice a day (G. S. Pervomaisky’s experi- 
ments in the Primorye territory). 

Repellents. To prevent ticks from getting under the 
collar, it is good to tie a Pavlovsky net round the neck in 
the manner of a scarf. 


Social Protective Measures 


Choice of camp site and arrangement of camps. A camp 
should be set up on treeless or sparsely timbered ground. 
The chosen site should be dry and open. Its area should 
be cleared of all deadfall, stumps and scrub. The camp 
should be located far enough from roads, trails, gullies, 
ditches, cattle routes, watering places and pastures, which 
usually abound in ticks. The grass around the camp is 
regularly mowed and removed as far as possible. A few 
days before the workers’ arrival, the camp area and adja- 
cent forest within a radius of 25 to 30 metres should be 
thoroughly treated with hexachlorane or DDT using 30 to 
50 kg of 10 per cent powder per hectare. All wood-felling 
sites should be known beforehand and prior to the begin- 
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ning of work may also be treated with acancides No 
garbage dumps are permissible near the cimp, being a 
lure for rodents which may bring ticks 

Special precautions should be taken in laying roads and 
pathways through forests Roads should be not less than 
25 and pathways 1 or 15 metres wide The marginal area 
along roads and pathwavs should be freed of vegetation 
or treated with acaricides within 2 to 3 metres from the 
road 

When choosing a site for short-term camping (not more 
than 10 days) the same rules are observed, omitting only 
large scale operations involving clearance and acancide 
treatment It will suffice to thoroughly clear the ground 
before pitching tents, surrounding it with a tick-proof 
barrier of mowed or acaricide treated vegetation within a 
radius of not less than 3 to 5 metres Sometimes both 
methods may be combined 

The same requirements are set to the chotce of forest 
areas for children’s rest camps and health centres 
(preliminary clearing and acaricide treatment are man 
datory) 

Tick control In controlling ticks, wide use 1s made of 
hexachlorane or DDT preparations sprayed from aircraft 
or helicopters over extensive forest areas worked by large 
numbers of lumbermen Acaricide expenditure amounts to 
3 5 gr of 10 per cent mixture per sq m, or 30 to 50 kg per 
hectare (N I Gorchakovskaya, V A Nabokov et al) 

Forest treatment should be carried out early in spring 
prior to foliation or even spring thaw Some authors advise 
spraying forest areas in autumn, before snow fall, in which 
case the preparation subsides on the litter and retains its 
guabtes unt) springtime The ticks come into contact w ith 
the poison in spring, after hibernation, when first emerging 
on the litter surface In aircraft spraying, the acaricide 
evenly covers the litter, pathways, and roadside areas and 
may cause the death of up to 95 or 100 per cent of the 
ticks 
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Various species of Ixodidae may be pests of both do- 
mestic animals and man In vetermary practice, tick con 
trol measures have long been emploved in all varieties, 
direct (spraying or bathing of cattle with arsenic solu- 
tions) and indirect (rational and regular changes of graz- 
ing ground) For epidemiologists, however, the control of 
ticks presents a comparatively new field, since in the 
USSR their noxious effects on man were established only 
25 years ago Owing to the fact that ticks are a “two way” 
pest, practical tick control measures in areas of various 
nature should be evolved in collaboration by epizootolog 
ists, epidemiologists and parasitologists, in the course of 
combined programmes for the development of the respec- 
tive techniques, and 1n practical contro] campaigns t 

Vaccination The population may be safeguarded against 
tick-borne encephalitis by mass vaccination, which partic- 
ularly refers to groups of people to be engaged in pro 
longed work in forests during the period of maximum tick 
activity Vaccination should likewise be extended to the 
famihes of trmber workers inhabiting newly built forest 
settlements Vaccination should be conducted from 15 to 
2 months prior to the beginning of the tick season Suffi- 
cient vaccine should be available for use tn all regions with 
natural foci of the disease 

Therapy All persons contracting the disease require 1m 
mediate hospitalisation 

Tf the hospital 1s far off, the patients should be delivered 
by air ambulance 

One of the chief therapeutic measures 1s the use of 
hyperimmune horse serum The latter should be freed of 

1 The use of raw goat milk causes a cerebral disease called two 
Wave meningo-encephalits (A A Smorodintsey S N Davidenkov) 
Onntiong tire probient of dire specrferty: of thrs amd other mercontiec 
tions we must mention the new fact that the incidence of such afflic 
tions 1s observed in peovle with abnormal changes of gastric juice 
whereas normal juice kills the virus This 1s a circumstance of major 
significance not in the least contradictory to the leading importance 


of ticks as reservoirs of the pathogen and vectors who infect the 
animals imparting pathogenic properties to their mlk—Y Paviovsky 
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proteins to prevent serum disease Treatment may also be 
effected with serum from post-convalescents The use of 
this form of treatment, however, may often be limited by 
local possibilities 
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ct Ceponeiickoi “actu CCCP Tlapaznron cOopaux, t 9, Haq 
AH CCCP, JI, 1948 

(Khodakovsky A I, Foci of ticksfam /xodtdae in the taiga zone of the 
European USSR) 

Uyesa C B K usyqenuo snngewmoaormt secente neTHero Krewe 
eoro SHnepamita 8 Tatapchofi ACCP Mennumucksn mapasntono 
rim WH napasutapHe Goncsuu 1958, No 3 

(Chuyeva S V Onthestudy of the epidemiology of spring summer 
encephalitis in the Tatar ASSR) 

Wanosas A H kananxa, tepania « npopisaxtika Knemesoro 
sumepanita B Ku Onur copetckoil mequunnu B Bernkoil Orevect- 
Benuont Bolte T 26, M, 1949 

(Shapoval A N Clinical aspects, therapy and prophylaxis of tick borne 
encephalitis ) 

Wiaosa C A on Kpwaos Q I Hamenenne poar ntmuy s 
owarax KreWlesoro sHuehaaiita mod BInuHeN BEIPyGoK meca Bion 
aerext MOHM, t 62, No 6, 1957 

(Shilova S A and Krylov D G, Variations in the medical importance 
of birds due to wood felling ) 

Wy6nangse A K uw Fahagamosua C A Kparxnt xype 
Mpaktitteckof sitpycororm Megzri3s M, 1954 

(Shubladze A K and Gaidamovich S Y , A Short Course of Practical 
Virology ) 


ASIAN TICK TYPHUS 


Synonyms North Asian tick typhus, tick borne rickettst 
osts, Ixodo rickettstosis astatica, Siberian tick typhus 


Asian tick typhus 1s an acute infectious disease with 
sudden onset, fever, primary lesions :n the form of ulcers 
in the place of tick bite, increased regional lymphatic nodes, 
roseolous-papulous eruption, and bradicacdia 

The disease was discovered in 1938 an the netghbourhood 
of Krasnoyarsk by an expedition of the All-Union Institute 
of Experimental Medicine, headed by Prof M K Krontov- 
skaya During the expedition the rickettsial orgin of the 
disease was established, O S Korshunova having ssolated 
rickettsial strains from patients’ blood The pathogen was 
proved to be transmitted from animals to man as a result 
of suction by mature spontaneously infected pasture ticks 
Dermacentor nuttallt Olen (P L SolitermanandS P Piont- 
kovskaya) [Its natural reservoirs Were likewise found 
among the principal hosts of larvae and nymphs of vector 
ticks the long-tailed sushk, narrow skulled vole and grey 
rat (M K Krontovskaya) Clinical and epidemiological 
investigation of the disease was also conducted 
(M D Shmatikov, M A Velik, 1939, M K Krontovskaya, 
1943) Experimental proof was offered on the long-term 
maintenance of nckettsiae during the metamorphosis of the 
tick D nuttallt, and its transovarial transmission (S P Piont- 
kovskaya, O S Korshunova, 1940) 

The aforenamed Soviet workers clarified the etiological, 
clinical and epidemiological features of the newly discov 
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ered rickettsial disease, and established the main aspects 
of the natural focality of this infection, which they called 
tick typhus The findings of the expedition as well as data 
on tick borne encephalitis and certain other diseases were 
used by Academician Y N Pavlovshy (1938) as a basis 
for the theory of natural focality which he was then start 
ing to build up Subsequent investigations by various 
authors established the widesoread occurrence of tick 
typhus foci in part of the Asian USSR 

The tick typhus pathogen isolated by O S Korshunova 
(1938) from patients’ blood, was the first rmckettsia patho 
genic to man revealed in the Soviet Union The discovery 
was made with the use of guinea pigs, white rats and rab 
bits Guinea pigs infected intraperitoneally with 3 to 4 ml 
of blood from a patient in the first stage of the disease, 
developed experimental infection with the characteristic 
two wave temperature curve accompanied by the scrotal 
phenomenon Vaginal smears revealed polymorphous 
rickettsiae situated intra and extracellularly 02 to 05 ml 
of visceral suspension from the infected guimea pigs, in 
jected into the tests of experimental rabbits, caused the 
development of orchites, while subcutaneous inoculation 
led to inflammation and infiltration followed by necrosis 
Injections into the anterior chamber of the eye developed 
specific indocyclitis with rickettsiae occurring in the cells 
of Descemet’s membrane (P L Soliterman, O S Kor- 
shunova, 1938, 1939) From 8 to 10 days later, the sera 
of infected rabbits showed a positive Weil-Felix reaction 
with proteus OX,s, which was less intensive with OX, 
however gradually becoming more intensive, and seldom 
being positive in low titres with OXK 

White mice inoculated intraperitoneally with a viscer 
al suspenston from uifected guinea pigs, developed a symp- 
tomless infection (O S Korshunova, 1943) 

E P Savitskaya (1944) in experiments on monkeys (Ma 
cacus rhesus) confirmed the specificity of the earlier 1so- 
lated pathogen In monkeys the disease assumed a febrile 
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course, Continuing from 5 to 7 days after 3 to 4 days 2n- 
cubation, the Weil Felix test being positive I V Davidov- 
sky (1940) detected rickettsiae in strips of biopsied shin 
from the sites of tich bite 

After detailed cytomorphologic investigations, P F. Zdro 
doysky and E M Golinevich (1949) gave the microbe the 
name of Dermacentroxenus stbiricus, after the place of its 
discovery, substituting the term tick typhus for North 
Asian rickettsiosis However, at the present level of know]- 
edge, considering the distribution of the disease, 1t seems 
more suitable to call the disease proper Asian tich typhus, 
and its agent R astatica, all the more so as the reservoirs 
of the disease 1n foci were found to be not onlv Ixodidae, 
but also Gamasidae, Trombiculinae and fleas, whose im- 
portance in transmitting the pathogen to man must not be 
ruled out (O S Korshunova, S P Piontkovskaya, 1957, 
M §S Shaman, 1957, M I Shapiro, 1957) 

Morphological studies of the pathogen on smears and 
prints obtained chiefly from the scrotal membranes of 1n- 
fected guinea pigs, and stained after Romanowshy Giemsa, 
Macchiavello and Castaneda, showed its marked polymor- 
phism single and coupled cocci and bipolar bacill (occa 
sionally, the cocci may form chains) 

The stated picture 1s especially demonstrative in dark- 
field examination The microbes are arranged sntra- and ex 
tracellularly A rickettsial suspension punfied by fractional 
centrifugation in saline and stained with carbolfuchsine, 
resembles bacteria 

R_ sibiricus 1s filtrable through macroporous Berkfeld 
filters (IT A Shorin andO S Korshunova, 1911) Like other 
rickettsiae, they are rather resistant to low temperature 
and can stay alive at 30° C below zero for 3 years The path 
agen as quickly anochyated by air, but survives for long 
periods when dned, especially by the lyophile procedure 
Drying 1s an effective method of preserving rickettsiae, 
much used for the purpose in Iboratory practice Obser- 
vations by S P Pionthovskaya and O S Korshunova 
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(1953) proved the possibility of survival of R stbiricus in 
experimentally or spontaneously infected ticks Dermacen- 
tor marginatus Sulz during five years with subsequent 
transmission to the fourth generation 

R_stbiricus survive in the viscera of white rats for up 
to 140 days, which, possibly, 1s not the limit (O S Kor- 
shunova, 1943) 

The immunological and serological features of the path- 
ogen are of great theoretical and practical importance for 
differentiating individual groups of rickettsiae and also for 
prophylaxis Investigations by O S Korshunova (1939) 
clarified the »mmunological peculiarities of mckettsiae, 
which allowed to conclude that immunologically, the most 
complex among them are R prowazekt, followed by R_ si- 
biricus and R_ conor: Experimental cross-immunity data 
are summarised in Table 1 


Table 1 
Experiments 10 Cross Immumty 





Number of 





Primary Reperted guinea pigs Occurrenco 
Inoculation inoculation. of fmmunity 
Tota | Senet 
Tick typhus (hras | Tick typhus (Kras} 16 0 Apparent. 
noyarsh strain B)| noyarsk strun B) 
Ditto Ty phus (Oltos 6 6 Absent 
strun) 
Ditto Mediterranean fe 4 0 Appirent 
ver (Crimean 
stroin) 
Ty plus (Ottos Ticktyphus (hras| 7 3 Relative 
strun) noyarsh strain B)} 
Mediterranean fe Ditto 3 3 Absent 
ver (Cmmein 
strain after 
Af Alymov, 
4939) | 


The cited findings were confirmed in subsequent investi- 
gations Parker and Castaneda (1943) and Megaw (1952) 
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note the marked degree of immunological affinity between 
typhus and the Rocky Mountain spotted fever group How- 
ever, R ncketts: (the causative agent of Rocky Mountain 
spotted fever) does not fully immunise guinea pigs against 
infection with R prowazek: Animals infected with Med: 
terranean fever do not acquire immunity against R_ rick- 
etts1 

Giroud, Le Gac and Roger (1947) obtained a distinctly 
positive agglutination reaction for R prowazck: with sera 
from Mediterranean fever patients In 1953 the same au 
thors reported on the high variability of a strain of R nck 
ettst, having even noted morphological changes in_ the 
rickettsiae which stopped reproducing in the cellular nu 
clei, 1e, lost their distinctive specific properties Dunng 
these experiments the French authors carried out nasal 
inoculations of white mice (Giroud, Le Gac, Roger, 1953) 
Stuart Harms (1955), 1n his latest handbook on viral and 
rickettsial diseases, states that the cross immunity reac 
tion between R prouazeki and R moosert, on the one hand, 
and R rickettst, R conort, and R akari, on the other, have 
not been studied in detail Thus, serum from patients with 
Rocky Mountain spotted fever may react positively to an 
tigens from R prowazeki and R mooseri in the comple 
ment fixation and neutralisation tests Apparently, R rick 
ettst possess 2 common antigen group with R prowasekt 
and R moosen 

The above data do not agree with those of P F Zdro- 
dovsky and L M Golinevich (1954) who state the absence 
of serological affinity between the p1thogens of tick borne 
rickettsioses (D sibincus, D conori, D murinus) and the 
rickettsiae of the typhus group (R prowazek: and R moose 
r1), regarding serologic analysts as the basic method for 
differentiating richettsiae 

Differential diagnosis The diagnostic methods used in 
all rickettsial diseases are the following animal inocu 
lation, Weil Felix’s test with proteus OX,s, OX, and OXK 
complement fixation with antigens from R stbincus, R co 
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non, R murinus, R prowazeki, R mooser and R burnett 
with obligatory analysis of group reactions In some cases 
it is necessary to study the antibody growth dynamics 
In animal inoculation, the blood of a suspected patient 1s 
injected intraperitoneally to male guinea pigs in volumes 
of 3 to 4 ml With the onset of disease in the animals, 
fresh series should be carned out, anoculating new guinea 
pigs with blood and visceial suspension from a diseased 
guinea pig in the second or third day of fever Convales- 
cent guinea pigs are tested for cross immunnty, taking their 
sera on the 24th or 25th day of the disease for comple- 
ment fixing with standard antigens from the aforenamed 
rickettsiae It is also advisable to inoculate six- or seven 
day ofd chicken embryos, injecting the sera into the yolk 
sac, and in appropriate laboratory conditions, to be used 
for anfecting white mice (nasally) 

Therapy At present, the problem of therapy in Asian 
tick typhus, as all other rickettsial diseases, 1s solved in 
essence by the use of the antibiotics—aureomycin, chloro- 
mycetin and terramycin, if available, whose efficacy has 
been asserted in the clinic and laboratory by Soviet and 
other authors The results of extensive experiments with 
aureomycin were published by Wong and Cox (1948), and 
Anigstein, Whitney and Beminson (1948), for chloromyce 
tin—by Smadel and Jackson (1947), Smadel, Jackson and 
Cruse (1949) In 1950 Smade}, Jackson, Ley and Rose pub- 
lished their study on the efficacy of terramycin In the So 
viet Union, N G Kekcheyeva (1954) successfully applied 
expenmental aureomycin and biomycin treatment to ve 
sicular rickettsiosis in white mice The efficacy of aureo- 
mycin and biomycin was equal in all experiments 

Clinical observations by many authors fully confirmed 
the results of laboratory experiments All the aforenamed 
antibiotics are an effect nckettsiostatic and not nckettsic: 
dal, 1e, mbhibit the growth of nckettsiae and enhance the 
development of protective mechanisms The dosing 1s as 
follows 2 or 3 grams of the preparation daily, per os, 
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until a fall in temperature, and 24 to 48 hours afterwards 
For chloromycetin Smade! (1951) recommends the use 
of a 3 gram initial shock dose It 1s advisable to wash 
down each dose of antibiotic with a glass of some kind 
of liquid, preferably milk Harrell (1949), summarising the 
therapeutic means against Rocky Mountain spotted fever, 
suggests applying 50 mg/kg of aureomycin and terramycin 
per os every 3 hours daily, as well as cortisone in combi- 
nation with chloromycetin 

Distribution Incidence of tick typhus has been established 
in Asiatic USSR The range of tick typhus extends into 
the depth of the Asian continent, including its central 
part. Recently, R stbiricus has been revealed in 1x0did 
ticks in the Armenian SSR (M Kotsinyan, 1959) 

In Eastern USSR natural foci of the disease are spread 
through the steppe and forest steppe, and are known in 
the superestuary areas of rivers belonging to the systems 
of the Amur, Yenise1and Ob The range of the pathogen ex- 
tends to other zones as Well R sibiricus has been found 
in ixodid ticks (Table 2) mhabiting southern sem: deserts 
(basin of lake Zaisan, Kazahhstan), desert steppe and sem: 
fixed sands (Ubsunur basin, Touva) Active and potential 
foc: are in most cases associated with dry climate (sedi 
ments not more than 300 mm annually) 

Close proximity to mountain ranges (Alta, Salatr, Tien 
Shan, Sayan, Tannul Ola, etc) or location :n interalpine 
(Zaisan, and Touva) and alpine (Usinsk, Ubsunur) depres 
sions determine the common features of relief (mountains 
hills ridges) in many natural foc: Among the Anown com 
ponents of natural foc: widespread in various regions in 
Eastern USSR, we may name 1xodid ticks of the genus 
Dermacentor (4 species), Haemaphysalis (2 species) and 
the wild animals serving as their hosts [n many foc: Ga 
masidae have been proved to take part in the circulation 
of R sibiricus among rodents (Eastern Kazakhstan Novo 
sibirsk region, South Primorye) as well as chiggermites 
(Eastern Kazakhstan) and fleas (Khahassian region) 
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Table 2 


Tith and Flea Species hnown -s Reservoirs of Rickcltsrao 


Reservoir species 


Place of discovery 





D_ onuttallt 


D_ nuttalti 


D = nuttalit 


D_nuttaili 


D stlarum 

Haemap! ysalls 
concinna 
hoch 

D = siharum 


D stharum 
D pictus 


D_ margnatus 
D pictus 


D = marginatus 


D_ margtnatus 
HU  punetata 
D_ marginatus 
dT punctata 


do conctnia 


Krasnoyarsh terri 


tory {near Kras 
noyarsh and 
hansh) 


New Krasnoy sk 
and village of 
Nov osyolovo 


Ababassian region 
(Ust Abahan 
Bograd and 
Usinsk districts) 

Chita region 


Kbabarotsh tern 
tory 


Kemerovo region 


Novosibirsk region 
C ‘ogucbiush 
istrict) 
Altar rere tary 


Cast Kazakhstan 
(Sbemonaikba 
and Zaisan dis 
tricts) 

Alma Ata region 





Aurglizia 


{Issy] ful region) i 


Southern Primo 
tyo (Barabash) 





P 
s 


Ss 


(9) 


D 
M 


Ss 
N 
ie) 
£2) 
Ss 
D 


M 
G 
é 
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Authors responsible for 
establishment 


Spontancous 
infection 


1 Soliterman 
P Pionthov 
Shaya, 1935 


P Prionthovsha 
ya EV Arkh 
ina O S hor 
shunov1 1939 
S_ horshunova 
S P Pion!) ov 
shaya 1955 


D Petravey 
1946 

P Savitshaya 
1913 


} Pletsity 
1947 


S$ Sbarman 
1937 


M Rulagin 
t Alfeyes 

S horsbunova 
1947 

S horshuno 
va 

P_ Puonthov 
shaya 1907 
S ‘Arkbangel 
shy 1950 

kh krontov 
Shaya 

2 3, PAW 
19.6 

\ Avitnits 
kaya 1947 
M Zhmayesa 
940 


‘Transovarial and 
trans stage 
transm $s on 


SP Pront 
kovshaya 
0 S horshu 
nova 4944 
The sume 


The sime 


CP Savits 
haya 1913 


MS Shaman 
1997 


S P Piont 
Lovshayt 

0 > horshu 
nov2 1953 
S_P Piont 
hovshaya 

0 9S horshu 
nova 1997 





MORO hron 
tovskiya 

ROR Savttsr 
Taya 1946 


2M 7hmt 
yera 1940 


(Continue?) 
Authors responsible for 





tstablisbment 
Reservoir species | Place of discovery | anal and 
Srontancous [rteratece ne 
infection tansmiss 07 
HD conelnna Southern Primo |G P Somoy - 
rye (sland) MC £ Shapiro 
AA Petrov 
1957 


Hurstionyssus — |Castern hazabhst1n| 0 S horshunova - 
myospalacis (Shemonaikha S P Pionthov 


sp a Zemsh{ district shayr 1937 
et = =Pronth } : 
(from Altai 
zohor) 
Hi teabelltnus {Island in South/G P Somov - 
Oud Primorye MoI Slopiro 
Haemolaelaps A_A_ Petrov 
glasgott 1997 
Aothrholaspissp(tast hazakbstan|O S horshunova - 
(from com | (Zaisan region) |S P Pronthov 
mon hamtter) Shaya 1957 
Gamandae (from| Novosibirsk region | Mi So Sharman ~ 
burrows of (Toguchinsh dis | 1997 
narrow trict) 
shullcd vole) 
Schoengastta ro }Tast hazahhstan /O S horshunova - 
tundata (Sbemonaikba [S P Pionthov 
district) shaya 1997 
Aeopsylla setosa | Rhahassion region{Q S horshunova - 
(from lon; (Ust Abakan and |S P Pionthoy 


tasJed susith)| Bograd districts) } shay 1957 
Ctenophthalmus | Khakassian region O S horshunova 
erralls (from } (Ust \bikin and{S P Pronthoy 

narrow. Bograd districts}{ shaya 1959 

skulled vole)! 

t Aote From suspensions chiefly including these Nei species BS 

well as some others 

Ixodidae not only transmit the infective agent to ant 
mals and man, but present ots stable reservoirs There is 
evidence hkewise of the stage-to-stase and transovartal 
transmission of R srbirtcus by tucks, and the maintenance 
of the agent through 4 successive generations of D mar- 
gtnatus (S P Pionthovskays and O S Korshunova, 3959) 
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Cases are known when R. sibiricus was transmitted by 
spontaneously and artificially infected D. nuttalli during in- 
terrupted (with intervals up to 1.5 months) and uninter- 
rupted blood meals on guinea pigs (S. P. Piontkovskaya; 
O. S. Korshunova, 1947, 1959). During their life cycle the 
ixodid vectors of tick typhus change three hosts, The 
mature forms, larvae and nymphs take a single blood meal 
apiece, each on a fresh host, each blood meal continuing 
for several days. In laboratory conditions, the development 
of ticks g. Dermacentor (from the detachment of the 
engorged female to nymph-moult) occupies approximately 
2 to 2.5 months (D. nuttalli—S. P. Piontkovskaya, 1941; 
N. D. Yemelyanova, 1956; D. pictus—N. G. Olsufyev, 1953; 
D. silvarum—A. I. Shpringoltz-Schmidt et coll., 1935). 
Ticks of the genus Haemaphysalis have a longer life cycle, 
continuing from 3 (H. punctata—M. V. Pospelova-Shtrom 
and S. P. Piontkovskaya, 1949) to 5 and more months (H. 
concinna—B. I. Pomerantsev, 1950). 

In nature, the life cycle of a tick population may in- 
crease depending on climatic conditions, number and as- 
sortment of hosts, periods of encounter with the latter (in 
each of the metacyclic stages), and famine resistance. 
Owing to the marked seasonal character of preying in the 
larvae and nymphs of Dermacentor, and the shortness, in 
jaboratory conditions, of their life span as compared with 
other species, there is all reason to believe that the de- 
velopment of a single generation in this genus occupies one 
year (G. V. Serdyukova, 1950; N. D. Yemelyanova, 1959). 
For H. concinna, in nature this period is extended to 2 
years (B. I. Pomerantsev, 1950). Since in nature, ticks are 
capable of prolonged starvation (D. pictus—3 to 4 years, 
N. G. Olsufyev, 1953; D. marginatus 2 years—E. I. Pokrov- 
Shaya, 1953), with the lack of hosts, the imago forms are 
liable to repeated hibernation. Owing to that, the life cycle 
of part of a generation may continue for 2 years and more. 

Species of Ixodidae including vectors of tick typhus, are 
spread through different zones of the U.S.S.R. (Table 3). 
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The range of D. nuttalli in the U.S.S.R. has a northem 
boundary. Phylogenetically, this species is associated with 
the Central Asiatic species D. birulai (B. 1. Pomerantsev, 
1950). Its range is known to extend through north-western 
(N. O. Olenev, 1929; S. A, Svirskaya, 1941) and north- 
eastern Mongolia (M. N. Baidin, 1944), eastern Tibet and 
northern Tien-Shan (B. I. Pomerantsev, 1950). In the 
U.S.S.R. D. nuttalli occurs in the steppe along the moun- 
tain river Chu, Gorno-Altai region (P. V. Semyonov, 1954) 
and at 1,300 metres above sea level in the Ubsunur basin, 
Touva (S. P. Piontkovskaya, 1959). The range of D. pictus 
generally coincides with the mixed and deciduous forest 
zones (B. I. Pomerantseva, 1950) where it abounds in mead- 
owlands, among scrub and on timber-felling sites (south- 
em part of Moscow region—N. G. Olsufyev, 1953). This 
species is widespread in the forest-steppe of the Omsk 
(A. F, Fedyushin, 1949) and Novosibirsk (G. K. Lonsinger, 
1957) regions. 

The vectors’ preying seasons are given in Table 3. In- 
formation on the phenology, habitat distribution and as- 
sortment of vector hosts is available for the Krasnoyarsk 
territory (D. nuttalli—s. P. Piontkovskaya, 1941, 1951), 
Touva basin (D. nuttalli—S. P. Piontkovskaya and N. K. 
Mishchenko, 1959), Altai territory (D. marginatus, D. pic- 
tus—N. I. Alfeyev, 1953), Novosibirsk region (D. pictus, 
D. silvarum—G. K. Lonsinger, 1957), Southern Primorye 
(H. concinna—Z. M. Zhmayeva, 1946). The preying season 
of D. nutalli in the neighbourhood of Krasnoyarsk is given 
below, the respective data for the Touva basin being the 
same (S.P. Piontkovskaya, 1958). 

According to available information, the following ticks 
may spend the winter attached to cattle, though without 
sucking the latter's blood: D. silvarum—Khabarovsk ter- 
ritory (A. F. Kasyanov, 1947); Primorye territory—{A. I. 
Shpringoltz-Schmidt, 1935); D. marginatus, D. pictus (Omsk 
region—G. I. Getta, 1954); D nuttalli—Krasnoyarsk ter- 
ritory (S. P. Piontkovskaya, 1951). 
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7 Distribution | Principal hosts Active season ack ange 


Species | 


Haema 
Jf ysalts 
purctata 


HW coneine aj 


Table 3 


General Data on Jaodid Vectors of Tich Typhus 
(alter B 1 Pomerantsey G V Serdyuhova et al) : 


Geographic { Topographic 


South of Curo 
peanUSSR Cau 
casus Central Asta 
Kazakhstan Bye 
lorussian S SR 
(t_\C) Arzamasov 


Western Curopo 
North Africa Asia) 
Minor Iran Bal 
hans Italy Spain 
Mediterranean 
islands Hungary 

Territories of 
Khabarovsk and 
Primorye_ Western 
Sayans  Byclorus 
sanSS K(f M 
\rzam2sov 1957) 
Crimea Cxscauca 
sia Transcaucasia 
Uzbeh 9S R hor 
ghzS SR Cast 
ern Kazakhstan 


Alpine forests} Large 
and steppes | mammals 
steppe desert /cattle ro 
semi desert dents birds| 


Deciduousind] Large wild 
mixed forests| mammals 
(of the type met] cattle (M 
in Colchis | Pospelova 
Amur Ussuri | Shtrom 
area or the des | 1936) 
ert Noodlond 
type) Drying! 
tussacky 
swamps (Z M 
Zbmayeva 


Imago { 





tached 
to_tnan 





Larvae Larvae 
nymiphs | Imago nymphs 


Birds Spring au| Yrom | Maturo 
small mam |tumn, at | Spring to 
mals sel south of autuma 
dom cittle | range—the 
sheep and | year round 
goats rep 
tales 


Small and] From Trom Mature 
I mam | spring to au | Spring to| forms 
mals birds|tumn (peak| autumn |and 
seldom rep jin Juno) nymphs 
tales cattle 
goats sheep 


on 


(Continued) 
Distribution 





| Active season 








Tick iano 
epee ae, [found attache 
hae Geographic Topographic Imrgo | | Imago ears to man 








Western Luropo { 1941), birch-as 
Tran rn groves (M 

> Davydova, 
1957) Alpine 
taiga (P V Se 
myonos, 1954) 


Mixed and de-| Largo Tho simo From carly! Yrom Mature 
eiduaus forests | wild miam- 








Derma- From Western 
centor | boundaries of the 


spring (0 the spring to 
rietus |U9SN to Kansk,| mals, cattle, beginning off autumn 
€rimaca, Caucasus hedgehags, Tune, _ from} 
Transcaucasia, hares end of Au 
Kairghizia, Kazahh- gust At 
stan, Western Al-| southof 


tat Britain, Ger 


Trango, sea-| 
many, Poland . 


sonal houn- 
darics vary 


D margt| Southo{Luropean| Level and al- Large Small Trom carly} Sum- Mature 
ndus )USSH, Trans pine steppeg, | wild mam- {mammals | spring to mer 
caucasia, Central] forest steppo al | mals, cattle mid June, {months 
Asia, Kazahhstan,| pine forests, from = mid-| 
south and east off southern semi August to 
Western — Siberia} desert (SP. October, 
CUTS ML INOF nor-} Prontkovskay1 Insouth 
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Western Cisuralia, 
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Getta, 1954), Tu 
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yen (G I Getta 

957) south east 
of Gorno Alta: re 
glon(P V Semyo 
nov, £954) 


Forest steppe,{ Lange wild] Small From car {Summer Mature 
taiga under |mammals, |mammals |1y spring to| months | forms and 
cultivation cattle foxes, October nympbs 

hares (south of Pri 
moryo tern 
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. 
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alpine steppe, | large wild 
forest steppe, | mammals 
desert steppe 

semi fixe 

sands (S P 
Prontkovskaya 

1957 1959) 


The post hibernant activity of mature tichs Dermacentor 
1s of marked seasonal character The tuchs tahe blood meals 
on animals en masse and attack man from early spring to 
the beginning of June With the advent of heat, the ticks 
sit hungry in their shelters, and then, from the middle of 
August (or somewhat earlier or later, depending on local 
climate) again issue forth to such blood In the Touva 
basin (600 metres above sea level) D nuttall has been ob 
served to attack man in July (S P Piontkovskava and 
N_ K Mishchenko, 1959) The ticks usually climb to the 
tops of dry undergrowth and there le in ambush sn typ 
cal poses, attaching themselves, on occasion, to passing 
cattle or human clothes Mature ticks of the genus Hac 
maphysalis usually repose on live grass as well, the active 
season of H punctata and H concinna extending from 
spring to the midsummer months The larvae and nymphs 
of Dermacentor parasitise during summer, while in August 
the engorged nymphs moult into imago The larvae and 
nymphs of H punctata and H concinna feed from spring 
to autumn 

Apart from vector ticks, the natural reservoirs of R st 
birtcus are known to be Murdae and other Rodentia serv- 
mg as tick hosts (Table 4) The periods through which 
they maintain the pathogen in nature hive not been es 
tablished O S Korshunova, S P Piontkovskaya,N A Ni 
kitina (1959) reported the maintenance of R_ sibiricus by 
mature post hibernant steppe lemmings, long tailed sushiks 
and narrow skulled voles in natural foc: of the Khikassiin 
region The animals were examined in May, before larvae 
of D nuttall: had begun parasitising them 

Ixodid ticks (among them vectors of tick borne typhus) 
parasitise on a broad range of hosts In cultivated, espe- 
cially cattle breeding localities, cattle ire the main source 
of food for mature ticks of the genera Dermacentor and 
Haemaphysalis The younger stages usually feed on small 
mammals H punctata and H concinna may also parasitise 
birds 
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Field mouse Khabarovsk ter} + - C P Savits. 
(tps lemus agrarwus | ritory haya 1939 
a 

Reed vole (Wic} Khabarovsk fer} + - TP Swits 
rotus michnot Titory haya 1939 
Rotsch ) 

Far Castern ham | hbabarovsh ter} ++ - L P Savats 
ster (Cricetulus bara | mtory haya 1939 
bensts Pall ) 

Chipmunk (Euta} Ahabarovsh ter} -- - 1 P Sats 
mtas scbirieus ritory Aayr 1939 
Laxm ) 

Rat (Rattus nor} Khabarovsk ter} + - r P Savats 
tegleus caraco) ritory haya 1929 

Red checked sus} Novosibirsk re | > = WS Shaimin 


hhh (Cltellus eryth | gion (Toguchinsh 
rogenys Brandt) district) 

Common hamster} Noyosibirskh re 

(Cricetus cricetus L )] gion (Toguchinsh 
district) 

Narrow shulled | Novocrbirsh re 

vole (\icrotus gre |fion (Toguchinsh 


galis Pall) district) 

Field mouse{Apo} Novosibirsk re 
demus agrarius fon (Toguchinsk 
Palt) district) 

Reed vole (Wi) Island in South 
michnot) ern Primoryo 

Grey hamster Armenia 
(Cricetulus migrato 
rus Pall) 


+ _ 
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+ -_ 
+ [4 160 
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Wa 


1957 


MS Shannan 
1907 


AES Shaman 
1907 


MUS Shaman 
1957 


G P Somov 
MoT) Shapiro 
A A Petros 


MoT hotst 
nyaa 1909 


The distribution of ticks through individual areas 1s 
usually associated with the ecological features of the prin- 
cipal hosts Formidable tick foci usually spring up in the 
places of concentration of animals serving as blood donors 
to all the metacyclic stages, and in localities providing 
favourable macro- and microclimatic conditions for meta- 
morphosis, hnbernation, oviposition and subsequent de 
velopment of eggs in the environment Since the vectors 
of tick borne typhus have to change three successive hosts 
in the course of development, the distribution of man- 
attacking post-hibernant ticks in nature depends on the 
local distribution of the principal hosts of the pre imago 
stages (nymphs) Thus, in tick borne typhus foci of the 
Krasnoyarsk territory and Touva basin, the most abundant 
collections of D nuttalls are made on wormwood and ce 
real grown areas inhabited by the long tailed sushk The 
incidence of this animal's burrows is a sure landmark for 
detecting D nuttall: in both virgin and cultivated localities 
In the latter, the survival habitats of the sushk and con 
centrations of D nuttall: occur on field margins, roadsides 
and hillsides (Kansk and Usa districts) Information 1s 
hhkewise obtainable on the local distribution of other vec- 
tors in tick borne typhus foci Thus, in one of the foci of 
Southern Primorye, D silvarum abounds among the scrub 
on hills and mountains (A A Preobrazhensky, 1957) In 
one of the foci of the Novosibirsk region this species 1s 
prevalent in birch groves, scrub grown forests and on 
newly-felled mixed forest areas (G K Lonsinger, 1957) 
In the Altai foothills, D marginatus and D pictus are prev- 
alent in thickets of dry wormwood and copses of birch 
and aspen (N N Alfeyev,S M Kulagin, 1953) In Southern 
Kazakhstan, D marginatus ws mastly prevalent wu the fant- 
hills of the Transilian Ala-Tau (E N Bartoshevich, 1957) 
H concinna in one of the foc: of Southern Pmmorye 1s 
typical for habitats occupied by drying tussocky swamps 
(Z M Zhmayeva, 1940) 
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 Ixodid ticks, small wild mammals and cattle are the 
Principal components of natural foci of this disease, some 
being vectors and reservoirs of the pathogen in nature, 
and others acting as donors for the said ectoparasites, 
Hence, anti-tick prophylaais should include in its scope 
the entire combination of species Participating in the main- 
tenance of the pathogen in the given locality. At present 
there exists a variety of mechanical, chemical and agro- 
technical measures advisable for reducing the population 
Of ixodid vectors and their hosts. In drawing up control 
Programmes, attention should be paid to concrete }ocal 
conditions (natutal and economic) tn each given focus, On 
this aspect, however, there is comparatively little published 
information. For the Krasnoyarsk territory, V. A. Nikonov 
(1953) advised treating cattle with 10 per cent DDT powder 
to destroy D. nuttall: (70 gr per animal). S. P. Piontkov- 
skaya (1951) reported the efficiency of burning dead growth 
in spring. The number of ticks in an area subjected to 
burning near Krasnoyarsk was many times less than in 
an unburned contro) (Fig. 10), F. 1. Dzyubak and S. S. Deg- 
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10 Feeding seasons of Dermacentor nuttal: in the neighbourhood 
Rents of Krasnoyarsk (S P, Pionthorskaya, 1939). 






NG 


tyaryov (1956, Khaba- 
tovsk termtory) advised 
eliminating D. silvarum 
by hand- or machine- 
spraying the respective 
area with hexachlorane 
(1 gr ADV per sq m of 
the area) The same 
authors proposed de- 
stroying H concinna in ev 7777 ay 
nature by use of 03 to 


Fig 11 Amount of adult ticks Der 
05 er ADV per sqm In macentor nuttallt on 05 hectare area 
other regions, outside with (a) old and (b) burned grass 
the range of tick typhus, (collected by hauler) 


D pictus was success- 

fully destroyed by treating cattle, sheep and goats with 
DDT (50 gr of 10 per cent powder per head), the treat- 
ment being repeated 4 or 5 times during the season, with 
7-day intervals (L N Pogodina, 1951) 

On cattle farms, it 1s advisable to plan and effect pasture 
turnover in accordance with the phenology of the vectors 
In foct harbouring D nuttallt, apart from the measures 
already mentioned, 1t 1s recommended (a) to burn the dry 
growth on steppeland pastures early each spring (Fig 11), 
doing it in the shortest time possible, and (b) to eliminate, 
in forest-steppe areas, all small sized thickets occurring on 
ploughland, regularly ploughing up and weeding all road- 
sides and spaces between fields 

A prominent item in the general system of prophylaxis 
against tick typhus and other diseases with natural foci, 
1s rodent control 

The basic means of individual prophylaxis are regular 
inspections of the body and clothing for ticks (see chapter 
on tick-borne encephalitis) 

In many of its aspects, the problem of tick typhus still 
awaits solution Besides elucidating its nosogeography 
(determining the northern and western boundaries of 





7 


Pathogen distnbution), the structure of the respective 
natural foci (assortment and number of hosts of R. sibiri- 
Cus, and the entire nomenclature of ectoparasites), the 
phenology and ecology of their principal components and 
the part played by each of the latter in maintaining the 
infection, it is important to clarify the daily routine and 
hfe span of mature vectors, and to determine the percent- 
age of rickettsia-carriers in the population of post- 
hnbernant ticks at springtime or pre-autumnal collection 
(for Dermacentor—late in August-September). Other points 
to be cleared are the fength of the pathogen-carrying 
period for reservoirs in nature and the content of comple- 
ment-fixing antibodies for R. stbiricus in the blood of cattle, 
as well as goats and sheep. 

No less urgent is the development of more efficient 
methods for detecting and counting mature vectors and 
their pre-imago stages jn nature, the elaboration of more 
perfect methods of eliminating the vectors in their habitats, 
and the invention of effective repellents for protecting 
people against ticks. 
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COLLECTION OF I\ODID TICKS AND OTHER ANTAL 
ECTOPARASITES LN TICK TYPHUS FOCI! 


A natural focus of disease may include numerous components 
(arthropods and mammals) intimately connected by Manon Bowe 
interrelationships For some regions there 1s proof that R sibirieus 
as circulated, among others, by Gamasidae, Trombiculinae and fle*s, 
Hence, investigations in such foci should embrace the entire assort 
ment of animal ectoparasites (in areas populated by H punctate and 
H_concinna birds should be taken into account as well) with the view 
of determining their species, number and importance in maintamirg 
and transmitting the pathogen 


Ixodid Ticks 


The varied circumstances in which the tick vectors of the tck 
typhus pathogen may occur dunmng their life cycle, eg, proforged 
periods of residence in the fissures and on the surface of the soil 
(for hibernation, oviposition and moulting) on plants (prepanng for 
attack) and during attachment to the host, which may occupy several 
days in each state of development, necessitate the use of differeat 
methods of collection from the terrain and bodies of wild and ag 
neultural arumals 

Epidemiological surveys should cover the premises of human dwell 
ings, adjoining yards and gardens all domestic ammals includ rg 
cattle mamtained in cattle yards, stacks of hay and straw, fleeced 
wool, and all other objects hable to contact with patients. In the case 
of large mammals, such surveys should include inspection ard pal 
pation of the head chest, neck, back, and the abdorrinal and pos 
tenor surfaces of the grons Domestsc and field rodents (rats sus! hs, 
hamsters gerbils jerboas, etc.) are caught with snares and other 
rodents and Insect. ora—with mouse traps Hay, straw and wool are 
picked over a sheet taking these matenals in successive potions 
from stacks ncks ete 

The typical botopes of various species of Dermacentor ant 
Haemaphysalis are areas of steppe forest steppe and occasionally the 
banks of mvers and lakes vis ted by cattle or inhab ted by roderts 
and Insectiora, as well as ground nesting birds (hosts of H! punctcia 
and H concinna) The habstats where ticks concentrate are tocsted 
by investigating vanous localities (with due regard for microtopo 
graphic details) on culuvated and uncultivated terrain natural grazing. 
grounds and haymaking areas, hill sides, mountain flanks ete 


‘ This section 1s written by S P Pronthovskaya 
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In open steppe and forest steppe habitats ticks are collected 
(a) by hand from dead grass, counting the yield per umtt of area 
(b) by means of a so called hauler (Nuttall s method) of rough cotton 
fabne or flannel of light, uniform colouring 10045 or 12060 cm in 
size, one of whose narrow hems 1s attached along a pole, the other 
being fitted with mbbons by which the surveyor trails 1t on his mght- 
hand side over areas covered with low grass In forest steppe areas 
the same purpose 1s served by a flag of the aforesaid stuff 100x45 cm 
in size, fixed to a handle This device 1s drawn gently over scrub, 
tall grass, dry stalks or the grassy undergrowth in closed biotopes 
{the devices employed for tick collection are shown in Fig 6) 

When investigating pasturelands for hungry larvae of D margi 
natus, the work may be done with a socalled spindle representing 
a piece of flannel wrapped several times round a stich and secured 
by a string By a dnl like motion, the device 1s slowly driven into 
bushes to about half their height 

The larvae and nymphs of H punctata and H concinna are col 
lected from small mammals and birds Sushks, hamsters, gerbils, 
gerboas, etc, are caught with traps left at dawn or sunset at the 
entrances to burrows Traps for susliks and hamsters should be 
examined and reset several times during the day, or, for nocturnal 
ammals at mght or at dawn Muridae are caught with mouse traps 
which are set at mghtfall 25 50 100 in a row, at five metre intervals 
in different microhabitats of the area under survey, eg, clumps of 
£rass or scrub, hollows, etc 

The dait 1s made of finely chopped pieces of rye bread and carrot 
dressed with vegetable oil The traps are examuned at daybreak 
Some animals, hke the narrow-skulled vole, field mouse and steppe- 
jemming, are dug out of their burrows together with their nests on 
plots of sown grass or cereals Domestic mice are caught with mouse 
traps set at hole entrances inside and outside the premises Birds 
aro shot Each animal, regardless of the method of collection 1s tied 
securely into a white cotton bag with a label showing the point, 
habitat, date and hour of collection, as well as the name of the col 
lector The arumals should be removed from traps as quickly as pos 
sible, since the fleas and Gamasidae will soon abandon the cooling 
carcass 

In the laboratory, the animals are combed with a fine comb or 
tooth brush, inspecting thelr ears and going through the fur with a 
fine needle and tweezers After that the bag 1s turned fnside out 
over an enamel trough whose sides are smeared with vaseline All 
the revealed ectoparasites are counted if possible, making special note 
of Ixodidae and Gamasidae Trombiculinae and fleas after which, by 
means of a needle dipped into alcohol, they are placed Into separate 
entomological test tubes with 70° alcohol Records of ectoparasite 
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counts are kept in a special notebooh whose pages are ruled as {ct 
lows 


Ixodidae Troms 


Anmal culty ae 


eres vel Fleas | Lor 


Imgo Larvae | Nymrhs 


| | 











The table should contain entnes on the total number of ectopar 
asites revealed at each combing (for animals) or inspection (for 
birds) At the end of a survey, al! count results are entered in a jour 
nal with special columns for each group of ectoparasites The ecto- 
parasites taken from each animal are placed into separate test tubes 
together with labels wnitten in black ink showing register number 
and species of animal, pomt, habitat, date of collection and navé of 
collector On doing that, the test tubes with 70° alcohol are stopped 
with cotton wool plugs dipped into alcohol (avoiding access of ar 
bubbles) and placed into wide neched glass jars The botton of each 
jar 15 ned with cotton wool, on which the test tubes are set upns= 
im rows separating the latter with wads of cotton wool to avod 
shaking The whole 1s covered with cotton wool, on whch a second 
layer of test tubes 1s placed, and so on The jar 3s filled with 3 
alcohol, tightly closed with a cork stopper, bound with gauzé 3 
sealed with paraffin. In this manner collections may be hept for 
years The jar 1s supphed with a label showing register number Post 
place and time of collection 

Mature ticks are identified by means of a binocular lens or Lina 
scopic microscope, type MBS! A Ie hungry tick 1s examin 
placing it between thin slides gently pressed together at the 
by two rubber bands 

Before examination, alcohol treated tichs are dned with Ae 
paper, and placed in the folds of a stnp of corrugated Paper 
else in plasticine or cork The uch 1s examuned from differen’ a75 
under direct light 

The systematics of juvenile forms of Demacentor and ni se 
phalus have not been sufficiently studied Hence, on removal 
hosts, the larvae and nymphs of these species art Iefe alive to 
velop into mature forms feeding them on laboratory animals A oat 

Gamasidae, fleas and burrow inhabiting soecies of Ixodes of 
collected by excavating the burrows of their hosts The coxte iar 
burrows and small birds nests 1s placed into separate cotton 
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together with labels bearing the usua! data, and firraly tied During 
delivery to the laboratory, the bags should not be permitted to over- 
heat, and, if immediate examination 1s impossible, should be kept 
in a dark, cool place The burrow substratum containing the ticks 
and insects, 1s examined by small portions m a bow! For conventence 
of work and completeness of collection, it 1s advisable to use 
thermoeclectors, which are available in several modifications A con 
vement device of this kind 1s a white tin funnel 25 cm in dia and 
30 cm long with a close fittmg lid and a neck 7 cm long and 8 cm 
in dia, which is tightly inserted into an iron can 7em high. To the 
inner walls of the funnel is soldered a hoop securing a rare meshed 
iron net on to which the nest being examined 1s placed The can 1s 
filled with a water solution of glycenn The thermoeclector is set 
on a tripod in the sunshine, or else an electric lamp 1s installed over 
the lid of the funnel The heat forces the inhabitants of the nest 
to crawl down into the can, where they are extracted from the glyc- 
enn by a pair of tweezers, a needle, or fine brush, dried on filter- 
paper and, depending on the purpose of the work, placed into test 
tubes with 70° alcohol or sawdust 

The results of parasitologic surveys of different areas, animals 
and premises are regtstered im blank form No 1 

Maintenance and feeding of Ixodid ticks The maintenance of 
wodid ticks, including underfed specimens collected from their natural 
habitats or animals for observation of development, is effected in 
the laboratory by feeding on guinea pigs, white mice, rabbits, etc 
Feeding on guinea pigs may be used for isolating rickettsial strains 
Ticks removed from wild animals may also be tested for spontane 
ous infection by the suspension technique Ticks collected in field 
conditions and from large agricultural ammals are placed into bacte 
nological or flat-bottomed entomological test tubes which are closed 
with tight-fitting stoppers wrapped in gauze The equipment required 
for the work includes blunt tipped tweezers, a soft, thin camel hair 
Paint-brush, and a notebook and soft pencil, all of which are placed 
into a field bag together with o supply of test tubes wrapped in 
Paper and placed into the bag with their corks upward In the 
laboratory, ticks are maintained in test-tubes with moist softwood 
sawdust 

The latter are prepared as follows A test tube 1s half filled with 
a loose mass of large grained sawdust, preferably sterilised, which 
Js covered ot the top with a filter-paper disc cut to the diameter of 
the test tube The space above the sawdust 1s occupied by a corru- 
fated stnp of the same paper Moistemung is effected by means of a 
Pasteur pipette, wetting only the Jower layer of sawdust For tichs 
Populating dry open habitats (eg, D nutftalli) it will suffice to 
Moisten only one third of the volume of the sawdust D pictus, 
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D_ marginatus, Rhipicephalus 
and Haemaphysahs require 
ugher humidity, 1e, the lower 
half of the sawdust should be 
morstened For the moisture los 
ing species of Ixodidae and 
certain species of Haemaphysa 
hs, almost the entire mass of 
sawdust requires moistening 
Different tick stages require 
different humidity, which 1s 
determined by observation Ex- 
cess moisture 1s fatal for the 
ticks, the free part of the test- 
tube and the paper stnp should 
be dry If condensed vapour or 
drops of water from the prpette 
occur in the test tube, the Jatter 
should be carefully wiped from 
the inside with cotton wool 
held in a pair of tweezers 
When maintaining mature ticks 
engorged females and nymphs, 
an overmoistened test tube ts 
closed for several days with a 
prece of gauze instead of cotton 
woo! The need for re-morsten- 
ing the sawdust depends on the 
general humidity of the room 
where the ticks are maintained 
The testtubes are regularly 
examined (not Jess than once 
a week) 

Test tubes contaimng ticks 
are kept upnght in test-tube 
hojders, boxes, etc., shading 
them with black paper For pro- 
longed maintenance of hungry 
ticks, it 3s advisable to keep 
them at temperatures from 2 
to 18° C To accelerate the 
development of replete ticks 
(dunng moulting or oviposition) 
the test tubes should be kept 
at temperatures from 24 to 
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28° C in special hotbeds or in boxes fitted with internal electric 
one or else, in thermostats or polythermostats with thermoregu- 
lation 

When studying the metamorphosis and life cycle of ticks or 
testing them for spontaneous infection, the ticks are fed on Jabora- 
tory animals The expermmental animals of choice are rabbits, guinea 
pigs, and white mice Rabbits and guimea pigs are convenient for 
feeding all stages of three-host ticks Rabbits are hkewise advisable 
for feeding large numbers of ticks in any metacyclic stage, as well 
as larvae of two host species which moult into nymphs without 
detachment from the host, a process which may occupy two weeks 
or more One animal 1s used for simultaneous feeding of all ticks 
of a single definite species (preferably, also, in the same stage of 
metamorphosis) collected from the same host and in the same place 

Tick feeding requires the followmg equipment operating board 
and bandages for immobilising the animal's extremities, tin number 
tag, razor blade, curved scissors, tweezers, cloth sleeve, glue, 
cardboard, film or tin collar, needle and thread, piece of wire, soft 
brush, cage on tray, and journal for registering the data obtained The 
sleeve 1s used to prevent the ticks’ escape and 1s made of cotton, 
with a square or circular cross-section, cut to the size of the area to 
be shaved on the animal's back. A strip of the same material 5 10 cm 
long 1s sewed to the base of the sleeve, producing an object shaped 
like a top hat. The base strip 1s smeared with glue—condensed 
collodium or a preparation of small bits of emulsion free exposed 
film dissolved in acetone The collar 1s made circular in shape, with 
a hole in the middle to fit the ammals neck, the rim at one point 
being cut through The collar 1s put on the ammal's neck in such 
a manner as not to hinder feeding and to prevent the animal from 
discarding at 

The operating board presents a thick plank with four nails or 
screws in the corners, the animal is placed on the board feet down- 
wards Each of the animal's legs 1s stretched out and bound with 
a piece of gauze to one of the nails, in such a way as to spread It 
Prone Part of the back, at a certain distance from the shoulder- 
blades, 1s shaved clean, the hair free area being suited to the size 
of the prepared sleeve The rim of the sleeve is profusely smeared 
with glue and apphed to the bare skin The sleeve should adhere 
without creases and gaps, being held in place with the fingers till 
the glue begins drying Adhesion may be quickened by blowing over 
the glued surface with a rubber synnge When the edges are dry, 
hungry ticks are let in through the open top of the sleeve, counting 
the number of females, males and nymphs, larvae are put in without 
count The brush used in transferring the ticks Is washed in alcohol 
or lysol, so as to remove all larvae The top of the sleeve 1s tied up, 
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a number tag fixed to the anal s ear and the collar put on ats neck, 
tighterung the edges with thick thread or wire After that, the anmal 
1s placed 1n a jar or cage, which 1s set on a tin tray with sides not 
less than 5 cm high To prevent accidental escape of detached ticks, 
the tray battom ts covered with Water to be changed every day Blood 
meals are registered in the yournal according to form No 2 
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In attesting natural infection in ticks by feeding on guinea pigs 
the latter's temperature 1s taken at One and the same hour for 20 
days, preferably in the morning, before checking the ticks beneath 
the sleeve and cleaning the anima) The results are entered im the 
journal At the end of the experiment the temperature is either 
registered graphically or tabled according to form No 3 


Record Form No 3 
Temperature of Lxperimentat Animal 























Day | and | ard ath} Sth} 6th } 7th on | oth 
Temperature 
Date 
Day Loth | tith | 1th | 13th | bath | 15th} t6th | 17th | 16th 
Temperature 
Date 
etc 


The Jatter 19 filled in daily with the results of inspection of 
feeding ticks Engorged ticks, on falling off, are removed to test tubes 
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with moistened sawdust, registering their number in the journal 
according to form No 4 


Record Form No 4 
Detachment of Engorged Tichs 
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The ticks on disattachment are classified as to degree of repletion 
which determines the duration of their subsequent development 

‘When feeding ticks on animals of different species, the entries are 
made in different journals, one for each species In mass feeding on 
white muce, the only device required 1s a film collar The mouse 1s 
placed in a glass jar, the bottom of which 1s covered with sawdust 
or oats, and a feeding trough 1s installed on the latter Dnnking 
water or milk 1s poured into a cotton wool plugged test tube which 
1s placed upside down on the net hd of the jar The jar 1s put on 
a@ stand into a bow! of water whose level must be below the bottom 
of the jar The test tube with hungry larvae is placed open into the 
Jar containing the mouse, after which the jar 1s closed with a cover 
of metal netting In such conditions hundreds of larvae can suck to 
repletion Daily inspection of the attached ticks and the jar and 
water bowl! content serve to determine the beginning of detachment 
of engorged specimens, observations besng continued until the jast 
engorged tick falls off 


Collection of Gamasidae, Chiggermite Larvae and 
Fleas in Tick Typhus Foci 


Acaruta of the extensive superfamily Garmasoidea include many 
temporary or permanent ectoparasites of mammals, birds and rep 
tiles Some species Inhabit the wscera ond internal cavities of the 
body The Gamasidae include both predatory species and necro- 
phagues The technique used in collecting Gamasidae from animals 
Js the same as in the case of ixodid larvae and nymphs 
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All ticks revealed are removed from the cuvette or bag by a 
preparing needle dipped into 70° alcohol, and placed into test-tubes 
In collecting the ticks from birds, special attention should be given 
to the body, carefully going through the feathers and inspecting 
the beak After opening the latter, the exammer cuts out the palate, 
bits of which are submerged tn water on a watch glass and subse 
quently examined from all sides with the help of a binocular Iens In 
reptiles (lizards) the examiner should lift the scales on the body with 
a needie, hkewise imspecting the eyelids and corners of the mouth 

Gamasidcae are identified microscomcally, prepanng the specimens 
as follows (N G Bregetova, 1956) The ticks are removed from 
the test tube to a watch glass with distilled water and washed there 
for several minutes On removing the water by means of a pipette, 
the watch glass 1s filled with a § to 10 per cent alkaline solution 
and covered with glass After 10 to 12 hours the tichs are washed 
with distilled water, then transferred into a drop of arabic gum 
muxture (Faure Berlese's liquid)! which 1s placed with a needle on 
B clean shide, and covered at the top with a clean cover glass The 
ticks are arranged in the drop with their abdomens upwards and 
downwards, to enable detailed morphologic inspection of elther side 
of the body The content of the label ts re wntten on the glass at 
the night hand side of the specimen The preparations are tald out 
horizontally on folders and kept from 2 hours to 2 weeks at a tempe 
rature of 60°C 

Instructions on the identification of Gamasidae may be found in 
a handbook by N G Bregetova (Gamasidae, 1956) and the book 
Rodent Ticks of the USSR, Leningrad, 1955 (chapters by 
A B Lange and A A Zemskaya) 

Chiggermites (subfamily Trombiculinae) parasitise various 
mammals, birds and reptiles only in their larva) stage The mites 
may be distinguished under a hand Jens by their red or yellow 
white colouring Most frequently the Jarvae attach in dense clusters 





1 The gum muxture includes the following ingredients 50 p dis- 
tilled water, 200 p chloral hydrate, 20 p pure glycenn 30 p dry 
gum N G Bregetova recommends the following proportions chloral 
hydrate—160 gr gum—24 gr distilled water—40 ml elycerin—16 m! 
A glass jar as filled with water, after which the gum fs added, the 
whole being placed for several hours Into a thermostat with a ten 
perature of 50° to 60° C That being done, glycerin and chloral hy 
drate are added, leaving the mixture in the thermostat for two riers 
days After complete dissolution of the gum, the mixture is strain 
through glass wool or thin cloth within the thermostat and thea ae 
in dark A drop of the mixture 1s applied on to a shde with the a 
of a prepanng needle after which the arthropods (Gamasuae an 
Trombiculinae) are inserted 
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inside the auricle, from which they are collected with an eye scal- 
pel or sharp flat tipped preparing needle The larvae are carefully 
removed from the arumal and placed into test tubes with 70° alcohol 
Bits of the ear damaged by the larvae are also cut off and placed 
1m alcohol 

The larvae are prepared for identification by placing them on 
ther backs and abdomens sn a drop of Faure Berlese’s liquid under 
a cover glass, and maintaining the preparations for several days at 
a temperature of approximately 60°C to render the specimen 
completely transparent 

Fleas (Aphaniptera) are collected from animals or thew burrows 
and nests When inspecting ammals contained in bags, the examiner 
should first collect the fleas, for which he should carefully open the 
bag The fleas are extracted with soft, preferably brass tweezers, 
and placed into test tubes with 70° alcoho! Subsequent collection 1s 
effected wile combing and examining the captured animals 

In the animals’ natural environments, the fleas are collected in 
different ways Migrant fleas should be collected at burrow entrances 
on glue paper tubes or wads of cotton wool (V E. Tiflov, V O Pota 
pov, 1937) To ensure the extraction of all fleas from the entire length 
of the burrow, up to its first tuming the authors recommend the use 
of a Jong handled JadJe, with which the content of the burrow 1s 
scooped into a bowl The best results are obtained by use of a 
Shiranovich tube, which presents a narrow pipe shaped flannel bag 
4 to 5 cm wide and 100 to 150 cm long into which a rubber tube or 
flexible rod is inserted By swift movements, the tube 1s submerged 
for several seconds into the oblique and vertical passage ways of the 
burrow, after which it 3s taken out and inspected on a sheet The 
tube should be put in three times Incited by the movements of the 
tube, the fleas start jumping and attach to the flannel The same 
Means may be employed to extract other mhabitants of the burrow, 
1e, burrowing species of Ixodidae and Gamasidae 

Within domiciles, fleas are collected by inspecting bed clothes, 
wiping floors with pieces of flannel, leaving glue paper or saucers 
with water and grain on furniture and elsewhere for the night In 
the latter case a dead mouse is left in the saucer together with the 
grain (1 G Toff, O I Scalon, 1954) Fleas from rodent nests are 
collected by extracting them with a most brush from bags filled 
svith nest content, or by means of a thermoeclector 

Fleas may be identified alive (I G Ioff, O I Scalon, 1954) or 
im transparent alcohol preparations Live fleas are put between two 
thin shdes tn a drop of water under another side or under a cover- 
glass Alcohol samples are examined on a shde in a drop of 50° 
alcohol and glycerin also under a cover glass For convemence of 
examination and storage, microscopic preparations of fleas are made 
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by placing them successively into the following liquids 7 per cent 
NaOH or KOH (24 hours), 50° alcohol (1 to 24 hors), 70" alcotel 
(the same), 95° alcohol (the same), pure alcohol (the same) clove oil 
(the same), after which the samples are immersed in Canadian or 
fir balsam, laying the insects on their right sides 
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TICK-BORNE RELAPSING FEVER 


Synonyms Tick borne recurrens, tick borne spirocheto- 
sis, fidvre récurrente, ruckfall fieber, tifo récurrente, tiebre 
récurrente, febris recurrens, ruckfall typhus, garapata 
disease, kimputu, spirilium fever, famine fever, tick fever, 
Iq fitvre récurrente a tiques (de l'Afnque tropicale, de 
Madagascar, de l’Arabie ménidionale, de Sénégal, etc), 
Persian relapsing fever, African relapsing fever, lranan 
tick bite fever, tabe gerib ghez 


GENERAL DEFINITION 


Tick borne relapsing fever 1s an endemic tropical or sub- 
tropical disease transmitted from animals to man, with 
obscure Or non-existent prodromic phenomena The onset 
1s characterised by chills, temperature up to 38 or 40° C, 
Pains, especially in the legs and lumbar regions, and 
headache, occasionally followed by symptoms of inicute 
enterocolitis The temperature curve, on the whole, 15 
non typical for tich borne relapsing fever, attacks of vari- 
ous duration following irregularly In the course of the 
disease, the temperature curve may resemble those of 
malana, brucellosis and louse borne relapsing fever Num- 
ber of attacks—from 1 to 26 (average—from 8 to 10) The 
disease may continue from 1 to 2 months In_ patients 
subjected to pyretotherapy for progressive paralysts, the 
disease was observed to last up to 5, 6 or 7 months 

Generally, the issue 1s non Jetha! 

Tick-borne spirochetosis presents a zoonosis whose 
pathogen is easily transmitted by vectors to min, the infec- 
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tion thus becoming an anthropozoonosis. In the latter case, 
it may likewise be transmitted from diseased to healthy 
individuals, provided that the former infect hitherto unin- 
fected ticks of the genus Omithodorus papillipes inhabiting 
the same premises. 


DISTRIBUTION 


Europe: Portugal, Spain, Greece, Yugoslavia, North 
Caucasus, Transcaucasia. 

Asia: Iran, Iraq, Syria, Israel, Arabian Peninsula, India, 
Western China, Central Asian republics of the U.S.S.R., 
Kazakhstan. 

Africa: Mediterranean coast and the entire continent 
(south of the Sahara). 

North America: South-Western Canada, western states 
of the U.S.A. 

Central America: Mexico, Panama, Guatemala. 

South America: Colombia, Venezuela; in places, Northern 
Brazil. 


HISTORY OF RESEARCH 


The first to surmise that the tick-borne relapsing fever 
of tropical Africa might be transmitted by ticks, was 
David Livingstone, and yet, despite a number of cases 
revealing spirochetes in the blood described by several 
authors, it was only in 1905 that Dutton and Todd proved 
definitively that the pathogen of the disease is actually 
transmitted by the tick Ornithodorus moubata. The study 
of the disease in question is inseparably connected with 
investigations on its vectors, which were conducted by 
Nicolle et coll. in North Africa (Tunisia), Junkovsky in 
Iran, and N. I. Latyshev, I. A. Moskvin, Y. N. Pavlovsky et 
coll., P. A. Petrishcheva and A. N. Skrinnik in the U.S.S.R. 


CAUSATIVE AGENT 


The causative agent 1s generally known to be a spiro 
chete, the species occutring in the USSR_ being called 
Spirochaeta sogdtanum, described under the name by 
Nicolle, Director of the Tunis Pasteur Institute, and Ander- 
son from a strain obtained in Shah Reez Abs N I Pikul, 
working with a strain from Ferghana, described the spiro 
chete under the denomination of Sp usbekistanica, but far 
less exhaustively than Nicolle 

The classification of spirochetes, in the broader sense 
of the term, has of late assumed the following form 

Order Sprrochaetales Buchanan, 1918 

Family I Sprrochactaceae Swellengrebel, 1907 

If Treponemataceae Robinson, 1918 
The latter family includes three genera 
I Borreha (microorganisms easily stained with aniline 
dyes) 
Stain with dhfficulty, ex- 
Il Treponema (anaerobe) cept by the Romanawshy 


III Leptospira (aerobe) Giemsa technique or silver 
impregnation 


The pathogens of tick borne relapsing fever belong to 
the genus Treponema Their specific classification 1s €x- 
tremely difficult, being founded on the specificity of the 
vectors, which are hice (B_ recurrentis, B berbera, and 
B carteri) and various species of ticks of the genus 
Ornithodorus The geographic criterion 1s important, as will 
be evident further In the latest Bergey Manual of Deter 
munatwve Bacteriology (7th ed, 1957), the key for the 
identification of Borrelia 1s based on the vectors and hosts 
(the name of the author being appended) 

Bird pathogens—Borreha 

Mammalian and human pathogens, transmitted by known 
vectors (a) human lice—B recurrentts, (b) ticks of the 
genus Omithodorus (1) O erraticus—B_ fuspanica, Pyte 
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nean Peninsula, (2) O hermsi—B hermsu, western states 
of the USA, (3) O moubata—B duttonu, Africa, 
(4) O parker:i—B parkert, western states of the USA; 
(6) O rudts—B venezuelensis, Central and South America, 
(6) O tholozam—B persica, Iran, (7) O turicata—B turi- 
catae, Mexico, (8) O verrucosus—B caucasica, North 
Caucasus, Transcaucasia, (9) O papillipes—B sogdiana, 
Central Asia, (10) O tartakovsky:—B latychevi, Central 
Asia, (11) O marrocanus—Morocco, Tunis, (12) O nor- 
mandi—B normandi, North Africa 

However, various strains of spirochetes (or Borre- 
has) obtaimed from different points in the southern 
USSR have certain features both of similamty and dis 
tinction 

The strains are similar in that they are pathogenic both 
for man and guinea pigs, although the “Gissar” strain 1s 
far more virulent to the latter Morphologically, the strains 
are indiscermpble 

Serologically, an the Rieckenberg-Brusin test, they prove 
homologous With low-titre sera, certain distinctions are 
apparent, serologic affinity being revealed between the 
strain from Tbilisi and that from North Caucasus, the 
strain found near Dushanbeh standing further and the 
stram from Gussar further still At higher titres these 
distinctions disappear 

In cross-infection tests the said four strains prove hetero- 
geneous Usually, immunity develops only in regard to a 
homologous strain, but there are some exceptions, however 
few. All four strains belong to the same group 

Although cross immunity tests reveal only individual, 
but not specific or varietal distinctions, there are, nev- 
ertheless, certain immunological distinctions appar- 
ent between the varmous strains of spirochetes, which 
may prove of practical epidemiological importance for 
man 

An exact definition should be agreed upon for heterol- 
ogous and homologous spirochete strains. An individually 


ui 


isolated strain from a vertebrate host or tick vector and 
its subsequent generations obtained by passages through 
a laboratory animal of the same species, may be regarded 
as homologous Heterologous strains are those isolated 
from animals not only of different geographic origin (in 
cluding different settlements in the same region), but also 
from animals of different biotopes occurring in the sime 
locality, eg, the burrows of porcupines, rats and gerb.ls, 
cattlesheds, etc 

On the basis of experiments described in literature, the 
following general statement may be formulated Spirochete 
strains obtained from the same geographic point (locality), 
as a rule, do not cross immumuse, thus depriving the cross- 
immunity test of the significance ascribed to it in the 
specific identification of spirochetes (Y N Pavlovysky and 
A Y Almov, L P Delpy and A Rafyi) Apparently, 
bacteriologists should evolve other more effective indices 
in order to classify Borrelia and develop a reliable tech- 
nique for cultivating these microbes 

The problem of tick-borne relapsing fever requires 
further research To ensure effective accumulation of more 
accurate comparative data, a unified methodology should 
be manntained in the collection and storage of ticks of the 
genus Ornithodorus, in order to preserve the specimens in 
vivo with a view to (a) elucidating the possibility of ther 
spontaneous infection with the causative agents of tich- 
borne relapsing fever, (b) staging experiments on the stage- 
to-stage and transovanial transmission of these pathogens 
in ticks, and on the length of maintenance of the pathogen 
im tick organisms Substantial proof 1s availible showing 
that Ornithodorus papillipes are capable of surviving long 
periods of starvation (up to 14 years) and maintaining 
spirochetes during these periods (Y N Paviovsky and 
A N Skrinnik) (For collection and maintenance of hve 
Ornithodorus ticks, see further ) 


ORNITHODORUS TICKS—VECTORS OF SPIROCHETES 
IN THE USSR 


Acarina of the genera Ormithodorus and Argas belong 
to the family Argastdae These arthropods as well as the 
pasture ticks of the family Ixodidae are referred to the 
superfamily Ixodo:dea 

For specific identification, the arthropods are examined 
from above and below through a binocular microscope 
under directly falling light In case the tick is alive, it 
should be placed into a small Petri dish approximately 
5 cm in diameter, covered at the top with a piece of a 
slide to prevent the arthropod’s escape If the tick happened 
to be in alcohol, 1t 1s previously dried on both sides with 
filter paper The dry tick should be handled with care, so 
as not to break off its Jegs The tick must also be examined 
from the sides, for which purpose st 1s anserted in a groove 
made in a cork stopper, or otherwise, a layer of plasticine 
1s applied to the slide, a depression of the required size 
being made in the middle With some experience, in field 
conditions, preliminary identification of male and female 
ticks and large nymphs may be done with the naked eye 

Dumng specific identification, the following external 
features are noted structure of chitinous cuticle, body 
outline, arrangement of discs to whose inside the dorso- 
ventral vertical muscles are attached! From the ventral 
side, the combination of mouth parts, or capitulum, are 
examined The latter 1s surrounded with isolated, partly 
mobile cheeks, which may be solid or digitate The pres- 
ence of the cheeks 1s correlatively associated with postan- 
ally lacated crosswise grooves or mdges of the chitinous 
cuticle—the anomarginal and transverse postanal ridges, 
which together form a figure of the cross Ticks without 
cheeks are hkewise deprived of these markings The gemtal 


1 The discs ire well visible on a lwe tick appearing as trans 
parent discs when the tick is examined in strong transient light the 
rest of the chitinous cuticle looking black 
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Fig 12 Tarsi of Omuthodorus (Y N_ Pavlovsky) 
Tirst pair 1--O popillipes 2—O verrucosus 3—the same male 4-0 cholodkovsty! 
S—O nereens(s female 6~O tartakovshy( female “-—O fecobsoni. Fourth per 
&—O papillpes 9—O verrucosus female 10—the same mae SIO nercenss 
12~O tartakorskyt {30 facobsont 
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orifice in the female lies between two transverse semuovate 
shields, one of which in the male is oval 

An important specific sign 1s the shape of the superior 
margin of the tars: in the first and fourth pair of legs, 
which for better microscopic examination should be sep 
arated from the body (Fig 12) 

As evident from the appended table, the combination of 
the mentioned features permits identification of the princi 
pal species of Ormthodorus included in the fauna of the 
USSR (the Caucasus, North Caucasus, Central Asia) 


Classification of Ornithodorus Ticks 
of the Fauna of the USSR. 

A number of authors consider the widespread species 
O papillipes Birula to be synonymous with O tholozant 
described from Iran Yet, judging by its pictures, the latter 
has been described inaccurately, some of its features being 
confused with O Iahorensis For this reason, we do not 
employ the term O tholozant 

M V Shtrom, on the basis of Warburton's extremely 
sketchy information on O asperus, which he described from 
a single specimen obtained in Mesopotamia, identifies this 
species with O verrucosus from North Caucasus described 
by N O Olenev, D N Zasukhin and G K Fenyuk (1934) 
The former assumption, however, 1s erroneous Both species 
have their separate identity, of which we were personally 
convinced on examining O asperus in the Berlin Zoological 
Museum It 1s equally wrong to umite O Iahorensis and 
O canestrinu into one species, since these are easily distin 
guished by the structure of the dorsal chitinous covering, 
which in O Iahorensis 1s stellate and in O canestrinu 
roughly ridged The same author unnecessarily rebuilds 
and complicates the generic and specific nomenclature of 
Ornithodorus ticks, splitting the genus into a whole series 
of independent genera It should be added, also, that 
O crosst, described from India, 1s a synonym of O papilh 
pes, which w1s confirmed by G Nuttall 
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Collection of Ornithodoms Tichs 


The operation requires the following equipment 

(1) shovel, tablespoon, broad, strong knife, 

(2) white coloured cuvette and piece of white oilcloth 
05 sq min size, 

(3) sieve 25 to 30 cm in dia, with a mesh not less than 
2 mm in size, the sieve may be replaced by a screen com 
prising an oblong wooden frame with a side from 5 to 7 cm 
high and an area of 25x40 cm covered with a wire net of 
at least 2 mm mesh size, 

(4) tweezers with thin ends (not surgical), medium size 
paint brushes, 

(5) set of flat bottomed test tubes 15x7 to 8 cm, or 
chemical test tubes, containing strips of filter paper bent 
treble, lengthwise, each test-tube should be tightly closed 
by a twisted (preferably, gauze-covered) cotton wool plug 
the test tubes are placed into oval shaped tins of suitable 
size in such a manner as not to break during movement or 
work, long test tubes are placed into a cartridge belt for 
12 15 tubes made of a double layer of cloth, which ts folded 
and tied with cord Well «2 ‘cd for the purpose are flat 
bottomed test tubes for faeces samples with the plug and 
attached spoon replaced by a cotton wool stopper, 

(6) field log book for keeping records, label tags of 
thick white paper, soft black pencil, 

(7) bag for all articles except the sieve, extremely desir 
able 1s a photographic camera for taking pictures of the 
terrain and biotopes of Ornithodorus ticks, 

(8) wich Jantern or electric torch for work in dark airs 
and premises 


Collection Techniques 


Investigations in buildings In non domestic structures 
such as cattlesheds, a frequent feature are cobwebs sus 
pended from the beams and ceiling These may reveal tich 
cuticles discarded during moults, which are shaped as elon 
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Fig 13 Entrance to grottoes in steep river bank used as winter 
shelter for cattle Sifting of grotto content yielded abundance of 
ticks Ornithodorus Mangyshlak 


gate, trough like whitish leaves 3 to 5 mm long Such cuti 
cles are to be found in abundance (our own observations 
in Khorossan northern Iran) The cobwebs should be re 
moved and placed into test tubes In highly infested pre 
mises, the ticks may be found sitting directly on the walls 
(as observed in the same locality) 

Most frequently, the ticks may be observed in depres 
sions at the foot of walls, in rodent burrows and wall fis 
sures which are widened with a knife as well as in the 
intervals between stones in the walls, under layers of 
earthen stuccowork which are broken off piece by piece 
The content of fissures and depressions 1s scooped out with 
a shovel or spoon and put into a sieve, the same being done 
with the refuse at the foot of the walls The sieve 1s care 
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fully carried out into the light, where it is shaken over an 
oilcloth which should be spread out on the ground. The finer 
particles penetrating through the sieve are thoroughly 
examined, extracting everything observed to move by 
scooping up the ground with the edge of a test-tube (or 
paint-brush), since the object may prove to be a larva or 
first nymphal stage of Ornithodorus. After sifting, the 
remaining substratum is inspected for ticks, which for a 
time may remain motionless. The ticks are taken up with 
tweezers and put into a test-tube with a certain amount of 
fine substratum. 

All ticks collected from a single room are kept together 
in a separate test-tube; the same applies to larger ticks 
extracted from pieces of stucco broken off from the walls 
The respective notes are made in the log-book and on labels 
which are forthwith inserted in the test-tubes. If dead and 
dry ticks should occur, they are also collected in a separate 
test-tube, care being taken not to break off the legs. 





Kara-] Autono- 
Fle 14 Base of wall in old fortress Pil-kala (Kara. ‘Kalpak 
mous SSR). Abundant yield of Ornithodorus paptllipes from burrow. 
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Fig 15 Burrow of 
Spermophilopsis lepto 
dactylus in sand dunes 
near Ashkhabad in 
winter Foreground— 
soil excavated from 
burrow containing 
Ornithodorus —tarta 
kovskyt 


A chart of all premises on the grounds ts drawn up, 
including the domicile and services, marking with crosses 
the places where ticks were revealed 

Collection in natural biotopes The content of early 
spring burrows and holes made under stones, 1s scooped 
out with a shovel or spoon and strained through a sieve as 
described above In large caves ticks are caught by attract- 
ing them with one’s own body. The collector lies down 
on a white sheet spread on the ground in such a position 
as to leave enough of the sheet free all around his body 
After a while, another worker with a lantern inspects the 
edges of the sheet, which often reveal Ornithodorus ticks 
lured by the scent of the human body, The ticks are collect- 
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Fig 16 Entrance to porcupine burrow infested by Ornithodorus pa 
pilipes Discarded spines seen in foreground Burrow may serve as na 
tural focus of tick borne relapsing fever South Eastern Centra) Asa 


ed by means of tweezers In winter, O lahorensts may be 
discovered on camels goats and sheep which serve them 
as warm shelters for hibernation in the South 

It 1s desirable likewise to photograph all biotopes of 
Ornitthodorus Some familar object should be placed at the 
entrance to a burrow or lair to offer an tdea of their 
size It 1s also desirable to photograph the general view 
of the terrain settlement and domicile Each collection 
should be provided with a label written in soft pencil on 
a piece of thick paper, e g 


Kulab wall of  cattleshed Near Shakhrood willsgs of 
205 1950 A Petrov Kelyata stone pen on 
Near Kara Kala (Turkmenia) wasteland between stones 
porcupne burrow among 107 1943 Alekseyev 
hilfocks 157 1952 NI Iva 
nov 
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Biology of Vector Ticks 


The completest data are available on the biology of 

O papullipes 

Egg-laying occurs towards the end of summer and the 
beginning of autumn, which 1s also observed in ticks main- 
tained in laboratories far from their range of distribution 
The egg hatches into a six legged larva feeding on the blood 
of small animals Moulting results in the emergence of 
nymph I, which after suction moults into nymph II, the 
latter in the same manner transforming into stage III 
Nymphs III, in their turn, moult into the fourth nymphal 
stage, males as well as females, if the family 1s sufficiently 
large On repletion, nymphs IV moult into nymphs 
V, females and males, and, finally, nymphs V likewrse 
moult into males and females A distinctive feature of 
the process are the three successive batches of males 
and females appearing in the life span of a numerous 
family. 

The same pattern 1s observed in the biology of other 
species of Ornithodorus In nature, ticks feed on the blood 
of mammals, birds, turtles, sand dragons lizards, toads, 
and, on occasion, man The total length of metamorphosis 
depends upon frequency of blood meals and resistance to 
starvation Cases were observed when nymphs and ma 
ture specimens of O papillipes starved for from 10 to 11 
years Extremely hardy in this and other respects in the 
embryonic stage 18 O lahorensts, and to a progressively 
diminishing degree—O verrucosus, O tartakovskyi, O ne 
reensis 

The following are the approximate terms of metamorpho 
sis forO papilhpes maintained sn the laboratory The female 
lays up to 60 eggs, which, under equal conditions, do not 
all produce Iarvae At temperatures from I5” to 18°C the 
Jarvae hatch from the eggs in 11 to 30 days, and at room 
temperature can starve up to 15 months Blood meals con 
tinue from 8 to 60 minutes At 26°C, and a definite level! 
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of humidity, the larvae have a life span of 15 to 30 days, 
the first nymphal stage from 17 to 28, the second from 20 
to 31, the third from 24 to 25, and the fourth from 43 
to 120 days and more Ticks of both sexes have survived 
in laboratory conditions for 6, 7, 8, 9 and 12 years, not 
counting the part of their life prior to collection It 1s 
highly probable that the entire life cycle of O papiliipes 
may last up to 14 or 15 years, or perhaps even longer 
(A N Skrinnik) 

Famine resistance in different metacyclic stages 1s illus- 
trated by the following findings of our laboratory Nymphs 
I starved 18 months, nymphs H—2 years and 5 months, 
nymphs III—3 years and5 months, and nymphs of undefined 
stages—6 years and 3 months (A N_ Skrinnik) Appar- 
ently, the life cycle of O verrucosus is similar to that 
of O papiittpes, but as yet has been traced only to the males 
and females derived from nymphs III and to nymphs IV 
According to observations by A N Skrinnik on O tarta 
kovskyt from the Mangyshlak Peninsula, males and females 
may appear after the moulting of nymphs II We, person- 
ally, have likewise encountered extremely small females 
in burrows near Naarl (Turkmenia) 

The biology of the O Iahorensts group, apparently, 
differs from the above described 


Ecology of Vectors 


Temperature drops render the ticks semi- or completely 
immobile The ticks endure decreases of temperature to 
—15°C, and, although slowly, will suck blood at +5 C, 
being capable of infecting guinea pigs at this temperature 
(Y N Paviowshky and AN Skrinmk) According 10 
N I Latyshev and A P Kryukova, burrow ticks (O tarta- 
kovskyt) inhabiting the burrows of susliks and gerbils, find 
optimum conditions for existence in August October, when 
the burrow temperature 1s +24 to +26° C and relative 
humidity from 75 to 90 per cent, while outside the burrow 
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the respective indices vary from +15 to +42° and 1 to 72 
per cent In cattlesheds, at different heights from the floor, 
there are zones whose temperature approaches that of the 
natural biotopes of O papiliipes, which serves to explain 
the infestment of such premises, all the more so that the 
required hosts are present as well 

O papilhpes was often found alive in winter under layers 
of earthen stucco Apparently, they may survive for consid- 
erable periods with a lack of air, which has been proved 
in direct experiments (E Sosnina) 

Special experiments staged by the author and! K Terav- 
sky (1956) in glass chambers with two exhaust pipes, 
gave the following results in regard to the maintenance of 
O papillipes (males and females) without air and in various 
gas media 


— 
Earhest evidence of toxic effects of 
gas or lowered ambient pressure | Period In 





Experimental conditions. | |{-————--7 be nors 
Sinimum Maximum (days) 
Vacuum res press & | 40 to 48 hrs 7 days 4 to 17 
mm me 
Hydrogen 30 to 49 hrs 3 days 405 
MUrogen 7 to 10 days | 16 to 20 days} 20 to 25 
co. 3to 4 hrs 2to 3days| 4 to 10 
HS 8 to 10 min 12 to 15 min} ito 2 


O papilipes are adapted to darkness, but may also be 
present in dry refuse or earthen floors with hghting vary- 
ing from 10 to 70 lux At cattleshed doors the lighting may 
reach 1000 lux, and in the sun—over 20,000 (Neuymin) 
However, adaptation to dark biotopes does not prevent the 
ticks from crawling out to better lighted places and attack- 
ing man at any hour of day or night 
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Storage of Collected Ticks 


Ticks are collected for two purposes (1) establishment 
of the presence of ticks g Ornithodorus on the site of 
work, specific identification and faunistic collections, (2) 
Preservation of ticks in vivo for (a) study of biology, (b) 
testing for spontaneous infection with the pathogen of tick 
borne relapsing fever, (c) experiments (particularly, on 
Stage to stage and transovanal transmission of the patho- 
gens of tick borne spirochetoses and rickettsioses), (d) es 
tablishment of a vivarium for long term observations on 
Ornithodorus, as well as maintenance of pathogen strains 
of trck borne spirochetoses for experimental, and, possibly, 
pyretotherapeutic needs 

In the first case, the material used are dead (dry) tichs 
with more or less intact bodies or else live ticks fixed with 
70° alcohol (or 4 per cent formalin, which 1s worse) The 
material supplied with the respective labels 1s kept in 50, 
100, and 150 ml jars with tight fitting stoppers Minute 
objects, such as larvae and nymphs, are stored in small 
test tubes filled with alcohol, each stage separately, with 
the necessary labels applied, all in a common tin container, 
separating the test tubes with hygroscopic cotton wool The 
chitinous cuticles discarded after every moult are preserved 
in the same tin 

To preserve live ticks in a vivarium, collected specimens 
from each test tube are transferred without the substratum 
to 50 ml Erlenmeyer flasks, inserting a filter paper disc on 
the bottom and a corrugated stnp of the same paper on top 
The flask 1s plugged with a gauze covered cotton wool 
stopper A clearly written label 1s placed into the flask witb 
the inscription facing the glass, and a tag glued outside wits 
the number of the given collection The flasks are placed 
into wooden trays 40x40 cm in size with sides 6 cm high. 
Vertical grooves are made on the inside of the walls to 
insert strips of plywood for partitioning the rows of flasks 
On the face side, the walls are inscribed with the geo 
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graphic point of collection or species of the ticks, depending 
on the purpose of the collection. The trays with the flasks 
are kept in a dark cabinet. When kept indoors in the south- 
ern summer, the ticks may be killed by the excessive 
dryness of the ambient air. To prevent this, the flasks 
should be moistened periodically by applying 2 or 3 drops 
of water from a pipette to the filter-paper inserted in the 
flask, taking care not to overmoisten it. Sometimes, it may 
prove necessary to keep the collection on cold premises. 
In northern regions, it will suffice to keep the ticks at 
summer room temperature, maintaining, hkewise, a con- 
stant level of humidity. For experimental purposes, ticks 
should be kept in a thermostat with a permanent tempera- 
ture of 25°C or more. 



































Fig. 17, Left—test-tube with paper Fig 18. Flask for hve 
for storing Ornithodorus ticks; Ornithodorus 
nght—tin_ container for test-tubes (WY. N, Pavlovsky). 
(Y. N, Pavlovsky). 
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Fig 19 Storage of hve Ornithodorus teks. Trays with flasks 
to be inserted in cabinet. 


Ticks to be maintained alive are fed once or twice daily 
on guinea pigs or other laboratory animals. 

The content of the flasks should be regularly inspected. 
Bead ticks and discarded cuticles should be removed to 
small test-tubes stopped with cotton wool, placing them in 
the same flask and recording the time. 

Altogether, three journals should be kept, the form of 
which is described hereunder. 

1. Catalogues of tick lots with reference to habitats of 
collection, containing regular entries on operatians carried 
out with the respective lot in regard to feeding for natural 
infection tests (with reference to the given lot’s register 
number in the spectal feeding journal described further). 
The tick catalogue should be kept with the utmost care 
and regularity, a separate page being allotted to cach 
flask. This page should contain the initial number of ticks, 
dates of death, moistening and feeding with reference to 
the number in the blood meal and infection test journal; 
moulting, oviposition and occurrence of signs of copulation 


(discarded spermatophores). 
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In the laboratory, different species of ticks survive for 
different periods Hardiness in diverse species may vary 
The American O herms: reproduces freely O lahorensts 
readily lays eggs which hatch into larvae O papilhpes 
and O verrucosus are hardy enough, O tartakovsky more 
exacting, the metamorphosis of the Iranian O canestrinu 
1s extremely distended O nereensis also requires more 
care 

In the course of time, the filter-paper 1s stained with 
dry faeces, and must be replaced, being subjected to careful 
examination All inspections of flask content should be 
made in a white photographic cuvette, putting back all 
ticks which happen to fall or craw] out When extracting 
the flask stopper, the worker should check whether the 
ticks have not gathered directly under it, the flask should 
be shaken and the stopper removed with due care, so as not 
to crush the ticks 

2 Journal for registering blood meals, noting the lot 
number, with reference to the numbers of experimental 
guinea pigs registered in the third journal 

3 Journal with register numbers of guinea pigs used in 
feeding ticks for different purposes, with note of the lot 
number 

For convenience of use, all three journals should be fur- 
nished with complete cross reference so that general obser- 
vation and experimental data may be fooked up when 
applying to any of the journals 


Feeding of Ornithodorus Ticks 


As a rule Ornithodorus ticks feed quickly The length of 
a blood meal may vary from tens of minutes to several 
hours depending on time of starvation, period elapsed after 
moulting, stage and phase of metamorphosis, rate of diges- 
tion of earher obtained blood, which in turn depends on 
temperature Due to the brevity of the process, ticks are 
fed on animals under direct observation If the blood meal 
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1s purposed to check spontaneous or experimental infection, 
it 1s conducted on a reactive laboratory animal, depend 
ing on the expected kind of pathogen of tick borne spiro- 
chetosis 

Extensive experimental evidence shows thit O Papillipes 
and O verrucosus should be fed on guinea pigs and O tar 
takovskyi on white mice 

Feeding procedure The guinea pig 1s tied by its legs to 
a wooden board with four nails in the corners, which 1s 
then placed into an enamel trough 30x40 cm in size The 
fur on the guinea pig’s abdomen is sheared close and 
a wide test-tube or open cylinder 4 cm in dia and 5 cm 
high containing ticks 1s applied to the abdomen The cylin 
der or test tube 1s held with the left hand, putting the tichs 
inside with the right All ticks should be allowed to attach 
those refusing to do so being put back with tweezers into 
the flask When all ticks attach, the test-tube or cylinder 
3s removed, care being taken, however, that the guimea 
pig should not throw off the ticks until the blood meal 1s 
finished At the end of the meal the guinea pig 1s untied 
and replaced into its cage 

When feeding larvae or small nymphs on white mice, the 
mouse may be put into a wire cage small enough to prevent 
movement The cage 1s put into a large cylinder into which 
hungry larvae are released, the cylinder being covered at 
the top with dense wire netting On falling off, replete tichs 
are picked up on a soft paint brush and put into a flask 
for moulting 

Tests for sptrochetal infection On the fourth day pending 
a blood meal, blood 1s taken from the guinea pig's ear by 
means of Francke's needle, etc Three thick films are pre 
pared of the extracted blood on two slides inscribed with 
the respective number in order In summer, the preparation 
should be dried under a glass bell to keep off flies The 
films are stained with the Giemsa-Romanowsky solution 
(1 or 2 drops of the dye at a temperature not lower than 
16 to 17°C, to 1 mi of distillate or ram water) The slide 
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with the film is treated the same as in tests for malaria. 
The procedure takes 30 to 40 minutes, after which the 
slides are washed in water, air-dried and immersion-exam- 
ined under a microscope. Dark-field microscopy of fresh 
blood may be employed as well Since spirochetes in the 
thick film test do not appear in great numbers, and do not 
occur at each view, the preparation should be examined 
with redoubled caution. 

If thick film microscopy does not reveal spirochetes, this 
alone does not signify their absence in the guinea pig's 
blood. If daily blood tests during 15 or 20 days do not 
isolate spirochetes, blood taken from the guinea pig under 
test is introduced into the eye-lid or nasal cavity of another. 
The latter is similarly subjected to the thick film test, 
which 1s repeated for 4 to 20 days. If spirochetes are still 
non-apparent, the guinea pig may be considered uninfected 
In high-precision tests, a second series of tests with blood 
from the latter-mentioned guinea pig is required. 

The following is an example of the entries to be made in 
a tick feeding journal. 


EXTRACT FROM TICK FEEDING JOURNAL 
Taykistan, 1951 


Varzob district, kishlak (village) of Gazhn Cattleshed, Aug 23, 
1951 B Skvortsov 48 ticks 

Checked Oct 26, 1951, 35 ticks alive, remainder dead 

Oct. 30, 1951. Fed on healthy guinea pig No 69—1951 to test 
natural infection—32 ticks sucked blood 

2M, 27, 28 N, 3 nymphs did not attach Guinea pig infected 

June 2, 1953. Fed on guimea pig No 64—1952 (used in earher 
expenments, but not diseased) 30 ticks sucked blood 5 M, 3 F, 
remamung 5 ticks died Guinea pig infected 

Savy ¥3, ES Freva voserved to cunium tees 

Oct, 26, 1953 Larvae extracted 

May 25, 1955 27 ticks alive, 3 dead Number of discarded cuticles 
21. Fed on guinea pig No. 35-1954 (previously used 4 times to feed 
uninfected ticks) All 27 ticks sucked blood including 12 M, 6 F and 
9 N. Guinea pig tnfected 
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Jan 15, 1957 20 tichs alive, 7 dead Number of discarded cuticles 
9 Fed on guinea pig No 23—1956 (earher used 7 times for feeding 
non infected ticks) All twenty sucked blood, including 10 M and 10 F 

Nov 25 1957 Flash contains many hve larvae Gutnca pig in 
fected 

Feb 28, 1959 7 tucks alive, 13 dead Fed on guinea pig No $3— 
1958 (previously used ten times for feeding ticks) 2 M and 5 F 

Guinea pig's blood tested daily from 5th to I7th of March 
Sptrochetes not revealed 


EXTRACT FROM EXPERIMENTAL GUINEA PIGS JOURNAL 
Guinea pig No 24—1958 


Feb 19, 1958 Used in natural infection test to feed O nercensis 
6T, 1958, Turkmenia found in burrow under stone, Oct. 23, 1958 
173 ticks applied, 142 sucked blood 

Blood tests Nov 25, Nov 26 Nov 27, Nov 28, Nov 29 Dec. 1, 
Dec, 2, Dec 3, Dec. 4 Dec 7, Dec 8 

Spirochetes absent on all occasions 

Dec 30 Used to feed O papillipes lot 70, found in Kirghizia Osh 
under a wall of a house, Dec 10 1949 25 ticks applied, all suched 
In 1949 these ticks had infected a guinea Pig, 4 subsequent blood 
meals produced negative results 

Blood tests Jan 5, Jan 7, Jan 10, Jan 12, Jan 14 

Spirochetes absent on all dates 

March 11, 1959 Used to feed O papilfipes, 8b—1945 13 ticks 
apphed, all sucked Bred in laboratory from Iranian ticks (33—Iran) 
infected with ‘ Kara Kalpakia” spirochete strain 

Blood tests March 16, March 17, March 18, March 19, March 20 
March 21, March 24 

Spirochetes present on al! occasions 

March 24, 1959 Guinea pig died 


NEUROTROPICITY OF SPIROCHETES 


A characteristic feature of the spirochetes of tick-borne 
relapsing fever 1s their neurotropicity, eventually, they con 
centrate in the brain, as observed in guinea pigs The said 
process may be associated with their disappearance from 
the peripheral blood Therefore, when loohing joker 
carriers among antmals, apart from testing their blood i 
apparent or latent spirochetosis, it 15 necessary to prin 
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the cerebral substance and inject the suspension into a4 
guinea pig's abdominal cavity with subsequent thick film 
staining tests The presence of spirochetes in the brain 
along with their absence in peripheral blood, should be 
regarded as the termination of carriership Notwithstand 
ing, the animal under test should be set down as a zoologi 
cal species in the list of reservoirs of tick borne spirocheto 
Sis, Since the spirochetes attain the cerebrum from the 
peripheral blood 


INFECTION OF MAN AND GUINEA PIGS 
BY SPIROCHETE CARRYING VECTOR TICKS 


Man may contract tick borne relapsing fever after his 
blood has been sucked by two infected females (as in pyre 
totherapy) or two nymphs (I or IJ) (authors observation 
on himself) Experiments on guinea pigs confirmed that 
transmission may be effected during the first 15 minutes 
of suction by one tick 

Experimental series have demonstrated that a vector, 
though known to be infected, does not invariably infect a 
guinea pig while sucking its blood Thus, a male tick fed 
successively on 5 guinea pigs (transferred from pig to pig 
with interruption of blood meals), infected only the second 
guinea pig in the series, not affecting the first, third and 
fourth, and not attaching to the fifth In another instance 
a nymph did not infect the first and third guinea pigs, but 
did infect the second Neither 1s one and the same infected 
tick apt to inflict regular infection every successive year 
Thus, an infected nymph caught in Ferghana in 1928, in 
fected a guinea ptg in 1935, but failed to do so in 1937, in 
the same year it moulted into a male which succeeded in 
infecting a guinea pig Another example nymphs of 
O papillipes infected on October 9 1935, transmitted the 
disease to guinea pigs in the course of metamorphosis in 
November and December of 1935 and January 1936 In 
March 1936, when in the fourth nymphal stage they failed 
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to causé any marked spirochetosis, while 7 and 15 months 
later they did 

The above quoted examples present merely the external 
aspects of the phenomena, analysis of the causative factors 
being the task of the future Nonetheless, it 1s already 
clear, that the possibility of Jatent spirochetosis develop 
Ing after reinoculation of blood from unafflicted to 
healthy guinea pigs, should be ruled out 


TRANSOVARIAL TRANS'ISSIOV 


It is a long established fact, that in O moubata the 
progeny of an infected female are able for several genera- 
tions to transmit spirochetes to Jaboratory animals The 
explanation ts that during the pathogen’s circulation in the 
vector organism, the developing egg 18 infected through the 
walls of the ovary, while during the embryonic period, the 
salivary glands of the larva are hkewise inseminated with 
pathogens This process was similarly observed in O papi! 
lpes (Y N Pavlovsky and A N Skrinnik) Only part of the 
infected females produce infected progeny, and not al} the 
larvae hatched are able to transmit the disease However, 
with the progress of metamorphosis, the incidence of trans 
mission somewhat increases Transovarial transmission of 
spirochetes in O verrucosus was reported by S Kandelahi 

With O papilipes, each blood meal on man continues 
for 30 to 40 minutes A noteworthy point 1s the minimum 
suction time necessary for the transmission of spirochetes 
to the recipient Experiments with ticks given interrupted 
blood meals on four guinea pigs, demonstrated that infec 
tion may take place already in the first 15 mimutes after 
attachment This period, however, may vary for different 
metacyclic stages, or owing to diverse circumstances 
Moreover, an O papillipes known to be infected, does not 
transmit the pathogen invariably Thus, a male fed on 5 
guinea pigs did not infect the first (in a 30 sec blood mer!) 
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infected the second (oné min) failed to infect the next 
two (2 and 7 min) and did not attach to the fifth Appar- 
ently, such variations depend on the state of the organism 
of the animal being infected These circumstances should 
be borne in mind in assaying experimental! results 


NATURAL FOCI OF TICK BORNE RELAPSING FEVER 


Tick borne relapsing fever was first described as a 
disease of man in tropical Africa In the described cases, 
ticks were found not only in the native dwellings, but even 
in the road dust The discovery of the disease in other 
countries (Iran, etc} was likewise associated with human 
dwellings, but analysis of published works also testified to 
the incidence of ticks of this genus in rodent burrows 
(C Nicolle et coll, Tumis) Sumlar observations were made 
in Turkmenia (Y Vlasov, P Petrishcheva, Y N Pavlovsky) 
and other republics of Central Asia, USSR 

Ticks were discovered m the burrows of different ani 
mals, in caves, grottoes and abandoned buildings Natural 
infection tests were often positive The species known as 
hosts for these ticks being numerous, wild animals were in 
many cases tested for incidence of pathogens and sensi- 
tivity to experimental infection 

Nicolle (Tunis), when inspecting rodent burrows, revealed 
the presence of Ormthodorus ticks spontaneously infect- 
ed with spirochetes of tick borne relapsing fever The range 
of the animal hosts of O papillipes 1s extremely wide, in 
other tick species, especially those inhabiting burrows, it 1S 
more limited Ticks of this genus may be the components 
of biocenoses in different biotopes In view of that, investi- 
gations of natural foc: of the disease in question should 
include yywtlanrwrs WlersInn tes By tha IAA PUR: 

dure) both of the ticks obtained in nature and of wild 
animals The latter should involve blood tests for pathogen 
incidence, but owing to the possibility of latent incidence, 
they should be augmented by injections of cerebral and 
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splenic suspensions into guinea pigs with subsequent inves- 
tigation of the latter’s blood. 

With the help of the said procedures the following 
reservoir species were revealed: bats Rhinolophus ferrum- 
equinum (Takhta-bazar, Turkmenta, N. I. Latyshev and 
T. Pozivay, 1936) and Pipistrellus pipistrellus bactrianus 
(near Dushanbeh, M. N. Keshishyan, 1936); rodents: large 
gerbil Rhombomys opimus (Takhta-bazar, Serakh district, 
Turkmenia, N. I. Latyshev, T. Pozivay, 1936, spirochetes 
pathogenic to man), gerboa Alactoga elater (near Bahu, 
P, P. Popov, L Akhundov, 1941); Turkestan rat Rattus 
turkestanicus (cave near Dushanbeh, N. I. Latyshev, 1936; 
M. N. Keshishyan, 1935; Khorog, Western Pamir, 
G. Y. Zmeyev, 1940); domestic mouse Mus musculus 
severtzovt (Chirchikstroy near Tashkent, M. S. Sofiev, 
D. Okhrimenko, 1936); vole Microtus socials (near Baku, 
P, P. Popov, I. Akhundov, 1940); Carnivora: Cans famulia- 
ris (Old Bukhara, L. M. Isayev). It is very likely that the 
spirochetes of tick-borne relapsing fever thus revealed may 
be systematically non-identical. 
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Fig 21 Excavation of rodent burrows in Tigrovaya ravine Southern 
Tankstan 


It is hkewise necessary to determine the susceptibility of 
different species to tich borne relapsing fever by employing 
them to feed spontaneously infected vector ticks (O papul 
hpes) The author successfully infected a hedgehog (Pare 
chinus hypomeles) from Kara-Kala (Turkmenia) by feeding 
ticks obtained from a cave near Dushanbeh G V Serdyuko 
va managed to infect a sackal (Canis aureus) through ticks 

The susceptibility of animals to infection was determined 
likewise by inoculating them with infected blood from 
ammals of another species Apart from the species 
mentioned earher, the following also proved susceptible 
short tailed bandrcoot rat Nesokia (strain ‘ Western Pamir’ , 
Y N Pavlovsky and I K Teravsky), grey hamster Crice- 
tulus migratorius (the same), lemming Lagurus lagurus 
(strain ‘ Tbihsi’, Y N Pavlovsky and P P Perfilyev) fat 
dormouse Glis ghs (strain “Saganlug’, S P Kandelaki) 
red tailed gerbt! Mertones erythraurus (strain “Kirghizia , 
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Y. N, Pavlovsky and A, Y. Alymov, strains “Kerghez”, 
Azerbaijan, P. P. Popov, I. Akhundov), etc. 

Among the vectors of tick-borne relapsing fever singled 
out in our wild fauna, three species—O. verrucosus, 
O. nereensis (with a closely related species from jerboa 
burrows in Armenia), and O, tartakovskyi—inhabit exclu- 
sively in nature, their presence in human dwellings and 
economic biotopes as yet being unrevealed. The basic 
vector species (as regards epidemiological importance)— 
O. papillipes, inhabits both natural and economic biotopes 
either in the complete absence or direct vicinity of man. As 
in other species of Ornithodorus, its range includes Central 
Asia, the arthropod presenting a natural (non-introduced) 
member of the local fauna. Hence, basically, none of the 
tick species serving as vectors for tick-borne relapsing 
fever, owe their existence to the presence of man. 





Fig 22 Desert terrain with gerbil burrows serving as natural 
foc! of Pendinski ulcer. 


In natural brotopes unaffected by man, vector ticks were 
often found carrying spirochetes virulent for humans 
Obviously such ticks could in no way receive the pathogens 
from diseased people 

The cited cases of spirochete incidence in a number of 
wild animals coexisting with vector ticks in common bio 
cenoses, give cause to regard tick borne relapsing fever as 
a zoonosis (Y N Pavlovsky) Foci of the disease have long 
been existing in nature owing to the circulation of spiro 
chetes between ticks and their alimentary hosts, the 
importance of man as a link in the food relationships of 
such foci being nul] The abundance of alimentary hosts of 
O papillpes offers sufficient grounds to speik of the 
diversity of its feeding relationships These relationships 
as it were, present the routes for the transmission of the 
spirochetes (simultaneously with the feeding of the tick on 
the recipient host), or inversely, for the tick’s reception of 
spirochetes from the donor 

In their genesis and existence, natural foci of tick borne 
relapsing fever are completely 1ndependent of man, but are 
liable to become a source of infection for non resistant 
people when the latter penetrate into the active sphere of 
such foci and are attacked by vector ticks This explains 
the cases of infection of man in unpopulated localities after 
sleeping in caves, grottoes, under overhanging rocks, near 
the lairs of wild animals, etc 

Natural foc: of tick borne spirochetosis are usually 
stable and confined within a definite epidemiological sphere 
of influence which follows, primarily, from the aforesaid 

features Under definite circumstances such foc: may Irra- 
diate into man made economic biotopes and originate new 
foci closely bound with environments directly or indirectly 
dependent on man fe, on factors of anthropurgic nature! 
This process 1s associated with the establishment of perma- 
nent settlements near or within a focus of tick borne 


Be 
‘4 The term anthropurgic has been proposed for factors ¢ -e-ty ¢- 
{ndirectly concerned with the life and activity of man 


1G 


relapsing fever The topographic conditions may be such 
that the burrows containing the vector ticks may become 
included in the settled area or be shifted by rodents 
migrating to more “bountiful” and hence more alluring 
economic biotopes The possibility of the latter, however, 
1s restricted by the fact that O papillipes spend an ev- 
tremely limited time on their alimentary hosts 

Since both the rodents (rats or gerbils occasionally 
becoming as it were, commensates) and the ticks migrating 
into the direct vicinity of man, may be reservoirs of the 
spirochetes of tick borne relapsing fever (obtained in the 
natural focus), a new focus of disease springs up In the 
new ecologic circumstances the latter’s existence 1s like 
wise maintained by man who occasionally becomes a link 
an the transmission chain of the pathogen Besides this 
pathophysiological relationship, an important part 1s played 
by man’s economic activity itself, 1e, by the character of 
the buildings he erects, conductive, in certain cases, to the 
existence of ticks, inadequate sanitation of domestic pre- 
mises, maintenance in the latter of domestic animals 
appearance of conditions favouring propagation of com 
mensate pests (rats, mice, etc ) and the latter’s existence in 
the neighbourhood of man, etc , etc 

In view of the said relationships, spectral consideration 
should be given to the part played by domestic animals in 
maintaining the circulation of the spirochete of tich borne 
relapsing fever in the direct vicinity of man The impor 
tance of domestic animals as spirochete reservoirs depends 
on two circumstances (1) the possibility of vector ticks 
feeding on animals, (2) the susceptibility of animals to 
infection The first circumstance depends upon (a) the 
willagness of vector ticks to feed on the given species of 
animal (b) the possibility of contact between the trick and 
its alimentary host 

Various domestic animals have been subjected to ex 
periments involving infection with the spirochetes of tick- 
borne relapsing fever In the experiments of numerous 
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authors (I A Moskvin, A Y Alymov, P P Popov, 
S P Kandelak: et al), dogs proved susceptible An attempt 
in Khorog (Western Pamir) to infect a young lamb and kid 
through the bites of O papullipes undertaken by G Zmeyev 
(Pamir expedition of the Tank branch of the USSR 
Academy of Sciences), gave negative results The experi- 
ments staged in Moscow by ourselves 1n collaboration with 
A Cheskis (1942) involving the infection of young pigs 
with a strain of spirochetes isolated from O papillipes in 
Ferghana by injecting pathogen carrying blood into the 
nostrils and conjunctiva, as well as subcutaneously and 
intraperitoneally, caused neither apparent nor latent spiro- 
chetosis Other authors have likewise seldom succeeded 
in obtaining latent infection in pigs (experiments with a 
strain of Sp hispanicum from O maroccanus) The experi- 
ments made at our request at the parasitological laboratory 
of the Sukhumi affiliated station of VIEM (All-Russian 
Institute of Experimental Medicine), involving infection 
of domestic animals with the spirochetes of tick borne 
relapsing fever (L Kuzmina) led to the disclosure of 
Jatent infection in a sheep and ass, whereas a calf proved 
resistant 

In regard to cats, various data are available Ourselves 
and A Cheskis have observed only latent spirochetosis in 
kittens infected with the disease S P Kandelaki infected 
cats with the strain “Saganlug”, while P P Popov and 
1 Akhundov observed the death of kittens after inoculation 
with the Azerbaijan strain “Kerghez” 

It may be concluded that domestic animals can hardly 
play any important part in maintaining and circulating the 
Pathogen in question in the direct vicinity of man (economic 
biotopes), being secondary 1n this respect to commensate 
rodents However, the importance of domestic animals as 
massive alimentary hosts ts great, which finds its confirma- 
tion in the frequently observed abundance of O papilltpes 
mm cattlesheds, where the sustenance of the entire mass of 
ticks cannot be provided by commensate rodents alone 
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ISOLATION OF SPIROCHETES FROM 
SUSPECTED PATIENTS 


The basic diagnostic procedure 1s the discovery of spiro 
chetes in the peripheral blood (thick film Staining by the 
Romanowsky Giemsa method without preliminary alkalt 
misation by water) 

In tick borne relapsing fever, spirochetes usually occur 
in small quantities, e g, 1 or 2 in several blood drops Their 
incidence 1s more frequent during attacks, but 1s sometimes 
revealed in interfebrile periods Cases are known when the 
spirochetes revealed at the onset of disease (on the Sth or 
6th day) remained in the blood for 14 to 20 davs In gener 
al no regularities were established in the appearance and 
disappearance of spirochetes in the peripheral blood while 
according to L Stavissky, 18 to 20 per cent of patents did 
not reveal spirochetes at all In rare cases healthy people 
have been found to carry spirochetes An smportant supple 
mentary diagnostic method 1s infection of guinea pigs with 
the blood of patients applied to the nasal mucosa or 
conjunctivally, with subsequent dark field microscopy of 
stained blood films or fresh blood The procedure permits 
the 1sofation of spirochetes in patients whose blood seemed 
sterile at simple microscopy 

For differential diagnosis tt is necessary to remember 
that in some cases the disease may be accompanied by 
malaria which should accordingly be reflected in therapy 
Salvarsan treatment 1s generally acknowledged to be of 
little use in tick borne relapsing fever osarsol 1s not Wways 
reliable with mioarsenol relapses are observed in 10 per 
cent of all cases 

Incubation fasts for a period from 4 to 7 days The onset 
1s accompamed by chill temperature swifly rising to 33 
to 39°C, sometimes 40°, and general malaise The temper 
ature curve 1s highly variible occasionally resembling that 
of malaria or brucellosis sometimes even irregular, which 
indicates the irregularity of attachs and different length of 
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Fig 23. Temperature curve in tick-borne relapsing fever, provoked in a patient with paralytic 
dementia Crosses denote spirochetes in the blood 
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Fig 24 Temperature curve in spontaneous case of tick-borne 
relapsing fever, Northern Iran. 


apyrexia. The number of attacks varies from 1 to 26 Total 
duration of disease—1 to 2 months. 

When curing progressive paralysis by infection with 
tick-borne relapsing fever, the disease went on, without 
other therapy, for 5.5, 6, or even 7 months. 

From time to time, the pathogen penetrates from the 
viscera to the peripheral blood. A laboratory case is known 
when spirochetes were revealed in the blood nine months 
after onset. 

Differential diagnosis should envisage louse-borne relaps- 
ing fever and malaria. 


EXPOSURE 


Since contagion takes place during the suction of 
infected ticks, man is exposed to infection in places 
where he is liable to tick attack, viz, sufficiently large 
natural tick biotopes, e.g., caves, grottocs, natural ledges, 
artificial excavations (sumes in Turkmenia), Hungry ticks 
may also attack man in caves where their presence fs In- 
conspicuous. Cases of the kind have occutred during short 
visits to caves in the daytime, Often, infection takes place 


172 


when people put up for the night in caves, grottoes and 
other places in the areas of distribution of vector ticks 

In anthropurgic conditions, infection may take place on 
the premises of primitive buildings, in cattlesheds different 
abandoned structures and ruins within the geographic 
range of vector ticks which inhabit cracks in plaster and 
rat and mouse holes 

Tick attacks are possible at any time of day and night, 
regardless of season provided that the ambient tempera 
ture does not arrest blood digestion or render the ticks 
immobile for long periods The 1mmersion of the hypostome 
into the skin and subsequent suction are not felt by a 
sleeper, who does not wake up On repletion, the ticks 
crawl back to their biotope The site of tick bite develops 
a vivid skin reaction which testifies to the attack of 
Ornithodorus a circumstance of certain diagnostic and 
epidemiological importance 

When collecting anamnestic data on a suspected patient, 
it 1s necessary to find out what places he visited during 
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Fig 25 Building of local materrals—domestic focus of 
tick borne relapsing fever, Central Asia 


the last 10 or 12 days and whether he had spent the night 
in nature or on premises likely to harbour ticks The dis 
closure of the typical skin reaction 1s an important index 

The human population of vector inhabited areas, contract 
the disease at an early age Near Keray (Iran) a case was 
recorded tn a baby with all the typical manifestations— 
traces of tick bite on the skin and incidence of pathogens 
in the blood Repeated attacks of infected ticks on post- 
convalescents merely increase their resistance to renewed 
infection, whence, as a rule, fresh cases are mostly observed 
among people arriving from non endemic localities 

Stable foc: of the disease may form in separate buildings 
and even rooms As observed by Slavina (1944) in the 
settlement she visited, the disease was successively con- 
tracted by 9 newcomers residing on arrival in the same 
house 

A similar observation was made in another [ocality, 
where the disease was successively developed by the inhab- 
itants of a room in a primitive building, whereas no cases 
were noted among the neighbours This circumstance testi- 
fies to the unwilhngness of ticks to migrate 

Thanks to their high famine resistance, ticks may remain 
in abandoned buildings for long periods Hence, such pre 
muses should never be slept in A characteristic occasion 
was observed during one of our expeditions to Iran Cases 
were noted when people fell ill at a customs house located 
ina half ruined earthen building Prolonged investigations 
showed it to harbour infected ticks When the office was 
transferred to other tree sheltered premises further off 
along the dyke bank, the disease was no longer observed 


SEASONAL PREVALENCE 


According to the records of one of the hospitals in 
Tajikistan for 1923 1925, in the year 1925, peak incidence 
was observed in spring and the beginning of summer 
Monthly prevalence in relation to the overall rate was as 
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follows from December to February—7 per cent, March 
May—58 per cent (May—36 5 per cent), June September— 
23 per cent, and October-November—9 per cent 

Morbidity dynamics should be assayed among the newly 
arriving, non-immune section of the population, since the 
local inhabitants develop the disease at early ages, and 
hence prove unsusceptible to subsequent infection when 
occasionally exposed to the attacks of infected vectors In 
the town of Osh, Southern Kirghizia, peak morbidity was 
observed in August 1937, and in May July 1935 (Y N Pav 
lovsky, A Alymov, 1939) 

Sporadic cases may hkewise occur during the cold 
season, since O papillipes, residing in primitive dwellings 
and services, may retain its mobility throughout the year 

In experimenta! conditions, this tick may feed and trans 
mut spirochetes even at +5°C (Y N Pavlovsky and A N 
Skrinmk) In the Pamirs, O papilhpes is revealed at an 
altitude of 2800 m above sea level (G Y Zmeyev) 

Occasionally, unexpected outbreaks of tick borne relaps 
ing fever are observed Thus, in one of the towns in Tay 
kistan, long known to be focus of the disease, approx 
imately 200 cases were registered in 1940 1941 The local 
cottages were constructed on the European pattern, the 
walls and other parts however, being taken from older 
structures to accelerate erection Earlier, it had been 
established that wall fissures in the old huts contained 
infected vectors Many newcomers were accommodated in 
such cottages which was the cause of the observed mor- 
bidity 


PROPHYLAXIS 


Prophylactic measures against tick borne relapsing fever 
are adopted for two purposes protection of man against 
attacks of vectors and anti tick treatment of the environ 
ments—domiciles, services, and the natural biotopes of 
ticks (rodent burrows caves, grottoes, etc) The surest 
way of preventing infection 1s to avord sleeping tn primitive 
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shelters which may be suspicious in regard to infestment 
with vector ticks This, obviously, concerns localities within 
the vectors’ range of distribution In any case, it 1s better 
to spend the night in the open air—in yards, gardens, or at 
any rate, within a fair distance from earthen walls 

A question still unclarified 1s whether Ornithodorus 
abandon their burrows for feeding only at night or at other 
times too Investigations to this effect should be made 
locally and by local means and personnel Various safe 
guards have been proposed for protection of sleepers against 
tick bite, the most reliable being the use of bed nets sus 
pended around and above the bed The bedstead should be 
placed at a distance from the walls, and the legs put in 
bowls or cups of water This, however, 1s not always 
practicable Tar emulsion and mint tincture have been used 
as repellents, but their effects are too short lived 

In their natural biotopes, such as caves, hungry ticks 
may attack man in the daytime Cases are known when 
tick borne relapsing fever was contracted after short visits 
to half bloched caves, where ticks had not been detected 
Individuals collecting vector ticks in nature fall 111 almost 
invariably Protective suits in such cases are unusable, due 
to unreliability and impossibility of long wear owing to 
intolerable heat The urgent need for developing adequate 
repellents 1s evident 

As regards sterilisation of dwellings, a useful measure 
1s general repair, plastering of walls, especially fissures 
and panelling, reliable blocking of rat holes which may 
contain spirochete carrying rats and vector ticks 

The use of chlorine and chloropicrin for eliminating 
ticks in earthen buildings 1s technically difficult The snner 
surfaces of 2 fumigated domicile continue to exude gas 
for long periods, which renders it uninhabitable 

Many authors, including our own colleagues, have tested 
preparations of DDT and hexachlorane, but within their 
habitats in human dwellings, Omithodorus ticks are almost 
accessible to the effects of contact poisons, and, besides, 
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are resistant to the said preparations The latter are used 
in the form of emulsions and suspensions for spraying or 
as powders for dusting According to I Teravsky and 
A Shustrov, the resistance of ticks in different metacyclic 
stages may vary, being higher 1n the III, IV and V nymphal 
Stages in males and females On contact with poison, larvae 
and nymphs of the I and II stages lose mobility in several 
hours, dying after 5 to 20 days Nymphs of greater age, 
males and females, may survive in 10 25 per cent of all 
cases 

Tick infested premises should be treated with DDT and 
hexachlorane preparations with due regard for the existing 
rules for handling the respective substances 

Special thoroughness 1s necessary in treating the bottom 
of walls, cracks, niches, fissures, holes, concentrations of 
refuse and loess on floors and in corners lable to harbour 
ticks Repeated treatment should preferably follow after 
One or one and a half months Three or five days after 
treatment, all cracks should be plastered holes blocked 
and refuse removed The advisable time 1s summer and 
autumn when the larvae have hatched and the first nymphs 
appear, the latter beng less resistant to the preparations, 
which, however, does not rule out control measures at 
other seasons 

The approximate dosage of DDT and _ hexachlorane 
should be 3 gr ADV per sq m of surface The dose 1s 
calculated according to the strength of the technical prep 
aration contained in the dust or emulsion The natural 
biotopes of the ticks—burrows, caves, grottoes—are 
treated with hexachlorane, which 1s taken 1n the ratio of 
4 to 6 gr ADV per hedgehog or turtle burrow and 3 gr per 
sq m of surface in caves 

Hexachlorane has a swsfter tome effect on tks than 
DDT, and therefore should be used in farm and service 
buildings and natural biotopes of ticks It 1s hkewise advis 
able to treat tich-infested dwellings with hexachlorane, 
provided they are thoroughly aired before receiving inhabi- 
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tants. The most effective way to eliminate foci of tick- 
borne relapsing fever in settlements is to construct build- 
ings in conformity with sanitary requirements, to plant 
parks on waste areas, and destroy rodents and their 
burrows, Control of the foci will be greatly enhanced by 
extensive economic development of wasteland, wide-scale 
hexachlorane treatment of the natural biotopes of ticks 
(burrows of wild animals, caves, etc.) and extermination of 
rodents. 

Occasionally, burrows of wild animals may be found in 
ravines, road ditches, half-destroyed earthen walls, and 
other places on cultivated land where people stop to rest. 
Elimination of such foci is effected by hexachlorane 
treatment with subsequent checking of its results. If 
necessary, treatment may be repeated. On large areas, 
where broad-scale control campaigns are carried out 
against rodents as general reservoirs of acute infections 
(as in some of the republics of Central Asia and Transcau- 
casia), the work should be done in accordance with the 
mentioned requirements, envisaging the elimination of foci 
of tick-borne relapsing fever as well as similar diseases 
with natural foci (cutaneous leishmaniasis, etc.). 
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Bpatiow THe op toxHoh Kupruait Tpyas oraeta scanuiucKot 
napasutotornn BH3M, 1933, 3, 72 

(Pavlovsky Y Nand Alymov A Y, On tick borne relapsing fever 
in southern Kirghizia ) 

Mantoscxnf E H  3mueen TT A Pacnpocrpsuenne 
Orntthodorus papillipes B cBR3aN C SnNAeMMotorel KIeWeDOrO Pe 
Kyppenca B wro DocrowNow TapxnKuctane Tpyaw Taaxuxcxoh 
6a3u AH CCCP, 1910, II, 34 

(Pavlovsky Y N_ and Zmeyev P Y, The distribution of Ornithod ras 
Fpapittipes im Us setatran to the epidemlotagy of tlek borne cecurrence 
in south eastern Tajikistan ) 

Tlaptoscxnfh CH wn Jorouxnh B B Hapyxuaa wop 

O1OTHA Mepenocaika Kaewesoro Bosopatioro mHHa 0 Cpernet 
Asani xacuta Ornithodorus papillipes Tlapaantorornyecknit e697 
wk, 1948, 9 125 

(Pavlovsky Y N and Lototsky B V, The external morpholo; of 

Ornithodorus papillipes the vector of tick borne relapsing fever 
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Tlasaosexnfi EH, Nepsomaficknh FC, un Ya 
rin K TI Hexoropwe sxcnepumentanbune Aainue ups cper 
Neasnatckoh dopme Ktellesoro Boaspatuoro Tia Jloxnaay AH 
CCCP 1950 72 4 813 
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Tlasaonexnfi E H wn Mocnenoss Wrpom M B 
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Tlapaonencnfi E HuCxpwunnwx A H O nposomntenp 
NOCTH Coxpaneitin camKo newts Ornithodorus papttltpes cnocos 
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nat 1957 t 36 5 IT crp 1673—1682 
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Honocmt sreanvunuels 1947, 5 2 BoaBpaTecre tes 

(Petrishcheva P A, Cannibalism in ticks Ormsthodorus as a possible 
transmission route for spirochetes of tich borne relapsing fever ) 
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Tlocnetosa Wrpom M B Kremm opunrozopnina me sre 
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(Pospelova Shtrom M V, Orasthodorus ticks and their epidemiological 
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nop 6 OaAnow Kasaxcrane Meanunuckas mapasirotorng i mapas 
tapuue Gotesnt, II 12,1 79 
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Cocnuiua E © O straxnsaemocrs Knetei Orntthodorus paptlt. 
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Uc6opapesn P C Mep Copp6u c anu Saknewenanney cxo- 
ta Conerckas setepituapun, 1937, 9 

(chehararey: R_ S, Control measures against winter cattle infestment ) 
yOapan X A Kaemenof sosnpatuuit tu ero nepenocunk B 
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Tenn Tpyaw Boento-weannmuckof anagesn K 
Tet sa Ra" ot nt vent CM Kitpons, 

(Shustrov A K, The contact effect of preparations of DDT, herachlo- 
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LEPTOSPIROSES 


HISTORY OF RESEARCH 


The leptospiroses were first defined as an independent 
class of diseases in the second half of the nineteenth cen- 
tury In 1886 Weil described a peculiar febrile condition 
accompanied by hypertrophy of the spleen, jaundice and 
inflammation of the kidneys, which he distinguished from 
other forms of icteric diseases Outside the USSR this 
clinical form 1s known as Weil's disease or icterohemorrhag- 
1c leptospirosis N P Vasilyev (1888) presented more 
convincing data for the recognition of this disease as an 
infection sut generis, which he named infectious jaundice 
N P Vasilyev investigated 11 cases of the disease from 
1883 to 1888 and analysed 37 cases described up to 1888 
im other countries By his definition, the disease presents 
an acute infectious form with high temperature and in most 
cases symptoms of predominant lesions of the central 
nervous system, liver and kidneys 

NP. Vasilyev collected data on the seasonal and pro- 
fessional prevalence of the disease, which permitted 1t to 
be distinguished from other icteric diseases, including ept- 
demic hepatitis, then known as catarrhal jaundice Hence, 
in literature, this chnical form, which was first described 
by N. P Vasilyev and Weil and presents the primary 
clinical type of leptospirosis, 1s justly named Vasilyev- 
Weil’s disease (synonym icterohemorrhagic leptospirosis) 
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The hypothesis concerning the infectious nature of 
Vasilyev Weil's disease was confirmed 26 years Jater when 
the Japanese authors Inada and Ido (1914) discovered its 
causative agent, which they gave the name of Spirochaeta 
icterohaemorrhagtae [synonyms Sp tcterogenes (Uhlen- 
huth and Fromme), Sp nodosa (Hubner and Reiter)} Later, 
Noguchi, issuing from the biological and morphological 
similarity between Spirochaeta icterohaemorrhagrae and 
saprophyte spirochetes [Sp biflexa (Wolbach, Binger, 
1913)], classified them as an independent genus—Lepto- 
spira (leptos—thin, speira—spiral, Noguchi, 1918), 


CAUSATIVE AGENT 


In preparations fixed with vapours of osmic acid and 
stained by the Romanowshy Giemsa method, leptospires 
assume a reddish violet colour Their length 1s 7 to 14 p, 
seldom up to 30 40p thickness—0 25 03 The amplitude 
of the primary coil 1s 045 05, height—O 3 p; one or both 
ends are hooked 

With the advent of electronic microscopy, the morpho- 
logical description of leptospires was somewhat modified 
(Morton and Anderson, 1943, Babudiert, 1958, et al) The 
average length of leptospires 1s now known to be 4 to 18 p, 
diameter—0 07 to 014 p, primary coil amplitude—O 25 p 
and height—0 3 Flagellate structures, granules, vacuoles 
or other inclusions have not been revealed The body com- 
prises a central axial thread (approx 002» 1n dia) anda 
cytoplasmic spiral evenly surrounding the former The 
cytoplasm 1s covered with a delicate structureless mem- 
brane The avxial thread is believed to be a skeletal struc- 
ture and organ of mobility Bemg secured to the internal 
membrane and contracting at regular intervals, it causes 
the spiral to rotate, thus effecting its locomotion through 
liquid and semi-liquid media (Babudieri, 1958) 

The identification and study of leptospires tn general 
biological practice 1s based almost exclusively on muicro- 
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scopy of preparations of live leptospires (by the crushed 
or hanging drop techniques) The organisms refract hght 
with difficulty, due to which they are examined by dark- 
field microscopy (with a paraboloid or cardioid condenser, 
etc), the object being side illumined and shghtly magnified 
(eg, with a 40x object glass and 10x eyepiece) In dark- 
field examination they appear as silvery white threads, 
consisting, as it were, of equal sized granules or regular 
discs closely adhering to one another (primary sptral coils), 
one or both of their ends terminating in hooks, although 
hookless forms are met as well At the ends there are also 
button like swellings (granules) The hooks present a con- 
tinuation of the plasmic spiral Survival forms (spores, etc ) 
have not been discovered 

An essential diagnostic feature of leptospires 1s their 
mobility, which changes according to the density of the 
medium In water and hquid nutritive media they perform 
(a) rotary movements on one spot, caused by simultaneous 
rotation of both terminal hooks, the median part (body) 
of the leptospire beg drawn out in a straight Ine, 
(b) rectilinear progressive motion in the direction opposite to 
the rotation of the hook (c) circular motion In semi liquid 
media (eg, 01 to 02 per cent agar +10 per cent rabbit 
serum) leptospires move sinuously, the body twisting into 
waves and losing the shape assumed 1n liquid media 

Leptospires are typical hydrobionts, 1e, they are able 
to live only in media containing water in quantities suffi 
cient for locomotion The saprophyte types inhabit the 
water in natural and artificial reservoirs, while pathogenic 
leptospires are contained in the blood lymph, primary urine 
of the kidney channels and the spinal fluid of man and 
animals Drying causes raptd death The microbes are non- 
Tesistant to light, high temperature and variations of 
medium pH below and above the optimum pH=7 274 
Reproduction 1s effected by transverse fission 

Besides the causative agent of tcterohemorrhagic 
leptospirosis (Vasilyev-Weils disease) approximately 40 
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serotypes have been revealed, all pathogens of human 
leptospiroses These organisms have been named by the 
binary nomenclature (eg, Leptospira batavia, L cantcola, 
etc ),1e@, they are each regarded as a separate species 

The specific classification of Jeptospires 1s based on 
serologic (antigen) distinctions revealed in the reactions of 
agglutination and lysis The Rieckenberg test 1s not suffi- 
ciently specific, and complement-fixation too involved The 
serotypes are markedly specific, having a stable antigen 
structure (Table 1) 

Tolle J 


Species (Scrotvpes) of Pathogenic Leptespires and J cptospirescs 
she Occurring’ in the US g Rr Bet 





Sree es (serotyre) Frldemtotogte tertures and 
Math synonyms Clinical form rf Tesery 0118 





L teterohaemorrha {| Vasilyex Weil sdis {Occurs more often in urban 
geae (Inada.z Ido} ease icterohacm | than in rural localitics in 
1914) L  tetero | orrhagic —lepto | presence of prinespal reser 
genes L Nodoa spirosis group of| \or—gry rats Second 

icteric. Ieptospi | ary reservoir—dogs Infec 


t \ 

Mie roses Lethality{ trot transmitted through 
up to 10 per} water (dunng bathing 
cent drunige sewerage and 


other work) food furmture 
contaminated by thy ure 
of rats Seasonal pre 
yalence—summer ond au 
tumn 
L — gripre typhoca| Water fever group|The mest widesprend form 
(Tarasov 1928) of non reteric Ie of Aptos irosis In tle 
L tttultra type t| tospiroses Leth | USSH Occurs more of 
ality negligible ten in urbin than in ru 
ral Joralitles = Heser 
yours—rodents Cricetusaze 
Vuridae (root \ole com 
mon sole field vole field 
mice ete) and cattle 
Man infected whea ht 
making on snampy Sields 
bathing an smolf bo,zy 
ouds tending sich cows 
or drinking ther milk 
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{Continued} 


een heise 


Spec es (errotyre) 
‘with synonyms 


Clinical form 


Epidemlotogic features and 
reservo ra 





L_ pomona_ Klay | Pomona leptospiro {Small isolated outbreaks and 


ton a Derrich | sis 


1936 FTC Mo 


group of 
Non icterte Jep 


Separate cacc3 associtted 
with bathing tn ponds con 


nyakov typo II]  tospirescs taminated by excreta of 
eliminator pigs and tend 
ing of the latter (Schnein 
buoterkrankbeit) Cattle 
less important in dissemt 
nation Reservoirs in na 
ture—field and domestic 

mice grey rats 
L __torassot L }For Castera lepto | Rarely occars in the Soviet 
FCA (Tarasov spirosts non ic Union (Far Past Alta ter 
1938) type III} teric group mitory) Reservoir—cattle 
hyos L mt Natural reservoirs «sun 

tts (Johnson) hnown 

cantcola (Klaren | Canicola fever | Occurs in individuals main 


beech Schuffner 
1932) type IV 


Cases with yauo 
dice recorded in 


tarning close contact with 
reservoirs owners of skdge 


the US A_ and| dogs and domestic pets 
Denmark Io the} veterinarians dog pound 
USSR _ onty| personnel ete Grey rats 
non icterte cases} suspected aS restrvoirs 
aro known (Sakhalin) 

L batartae (Walch | Batavia fever Non |Sporadic cases in Byclorus 

1926) icteric forms re | sia Main reservour—har 

corded in the] vest mice (‘aroslavl re 
USSR andlta} gion Byelorussia Alta 
ly In Indonesia] termtory Northern hazthh 
assumes — severe} stan) 
form with jauo 
dice 


L nero {Ananyan| Nero leptospirosis | Coses occur during haymak 


and Karasyova | Non icteric 
1950) L Sarko 
ebing 


L_hebdomadis Ido | Seven day 
Tio Want 1916 
L Aktyamt B 


fy Rasechitentes 1) Kazakhstan 
repkogorshay & 
oS 


Non icteric 


Non icteric 


ing on swampy Qoodland 
around Jakes and miscrs 
(Yaroslaxt_ and Smolensk 
ons Pritmorye territo 

ry). Reservoiurs—root voles 
and eastern vole 

fever {Sporadic cases in Primorye 
territory associated with 
bathing In small ponds 
Resers oar—castern vole 

fever }Southern Aazahtstan Nes 
ervoir—large and Tamar 
ash gerbils 
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(Continued) 


Se ent 


Srecies (serotyre, 
with Synoueeae Clinical form Epldemtologle fentures and 





L havachstanea Wt | Ditto Ditto 
Krephogorshaya 
194n 

ZL ussur Non icteric Hed | Primorye territory — Reser 
hrominshaya md { domadis gr saces ra aalyce aat defarte 
Cshin 190L ly known 

L  ersnaces aurtty| Not definitely es |Sporadic cases Infection 
Ananyin 1949 tablished Kaown to be widespread in 


Stayropol territory among 
long cared hedgehoss 
I pot Mino {941} Ditto Sporatic cise, in Western 
L sorez lurope Leplospires te 
veiled inthe kidney sof con 
mon shrews root voles and 
common vols 
L ertnacet europaer|No cases recorded | Infection discovered in I ure 
Apinyio 1991 an man pean hedgehogs (Moscow 
region) 


The pathogenicity of different species may vary widely 
However, the clinical picture, in man as in animals, though 
caused by different leptospires, 1s largely stereotype, owing 
to similar pathogenesis tn all Jeptosprroses, which ts based 
upon a lesion of the nervous system and functional disturb- 
ances 1n other tissues and organs, especially the liver and 
kidneys 


CLINICAL FEATURES 


Generally speaking, none of the symptoms are associated 
with any one species or subspecies of leptospires It is 
possibie to speak only of the prevalence of certain symp- 
toms in cases brought about by a given leptospire (icteric, 
non icteric and meningeal forms) and greater or Iesser 
severity (malignant cases with high lethality and benign 
forms With a negligible death rate), associated with the 
pathogenicity of the given species of the causative agent 
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In malignant forms, symptoms of a severe lesion of the 
nervous system are accompanied by marked afflictions of 
the liver and kidneys One of the most vivid manifestations 
of liver pathology is jaundice of the skin and mucous 
membranes 

The clinical forms of leptospiroses are divided into two 
groups icteric (mahgnant), in which jaundice occurs in 50 
and more per cent of all cases, with up to 10 per cent 
lethality, and non :cteric (benign), in which jaundice and 
lethality are extremely rare In the Soviet Union only one 
icteric form 1s known to occur, viz, Vasilyev Wells dis- 
ease The group of non icteric leptospiroses includes water 
fever (causative agent L grippo typhosa) and leptospiroses 
caused by L pomona, L tarassow: (syn L mutis), L cani- 
cola, L nero (L saxkoebing?), L kasachstanica I, L ka 
sachstanica II 

Expenments on guinea pigs weighing 100 to 200 grams 
and other laboratory animals, provided ample data 
justifying the division of leptospiroses into two groups In 
guinea pigs infected with L_ tcterohaemorrhagiae, the 
icterohemorrhagic leptospirosis proceeds with high temper- 
ature, yaundice, hemorrhages in the organs, and almost 
invariably has a lethal outcome Guinea pigs infected with 
L grippo typhosa or other species of the non icteric type, 
have mild forms of the disease with brief (2 or 3 days) 
temperature rises and inhibited growth, the outcome 1s 
mostly favourable 


EPIDEMIOLOGY 


Epidemiologically, the leptospiroses differ essentially 
from other zoonoses with natura! foci in that no blood 
sucking vectors of the pathogen have as yet been definitely 
established in the natural and anthropurgic foci of the 
disease Transmission through water 1s proved beyond all 
doubt 
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The epidemiologic importance of man as a reservour 1s 
null, although post convalescents may occasionally be 
eliminators, which 1s explained by certain properties of the 
leptospires, pathogenetic features of the infection and cir- 
cumstances of social nature The leptospires remain in the 
convoluted tubules (I and II orders) of the kidneys and are 
eliminated with the urine The amount of leptospires in 
such urme 1s usually negligible, their viability mostly low, 
whence in acid urine they swiftly perish Infection through 
contact with objects surrounding the patient and contami- 
nated by the Jatter’s urine 1s almost impossible due to the 
pathogen’s low resistance to desiccation Epidemiological 
instances of infection by such routes have not been re 
corded 

The reservoirs of pathogenic leptospires are many species 
of rodents, Insectivora, Artiodactyla, Perissodactyla, Carnt 
vora, Chetroptera (Table 2) 

The importance of these reservoirs in disseminating 
infection is unequal, but the mechanism of transmission 1s 
sumilar in all 

Both animal hosts and human post convalescents main 
tain leptospires in their kidneys (convoluted tubules of the 
{ and II orders) and eliminate them into the environment 
with their urine Man may contract the disease while bath- 
ing or at work (draimage, bridge construction, etc), and 
when drinking water or washing in reservoirs contaminated 
with the urine of pathogen carriers, etc Less important 1s 
infection through food, furniture, domestic utensils, etc, 
contaminated with animal urine Cases are known of tnfec- 
tion contracted while tending diseased agricultural animals 
and dogs or when trapping leptospire carrying rodents 
Contagion takes place at contact with animal urine contain 
ing leptospires The portals of entry of the infection are 
damaged skin and mucosa (of the eyes, gastro-intestinal 
tract, etc ) 

The principal reservoirs of Jeptospires pathogenic for 
man are certain species of rodents (chiefly, Mundac and 
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Cricetulinae), which may be either synanthropous or 
inhabiting in nature, where the infection usually assumes 2 
chronic course After infection, which takes place through 
damaged skin and mucosa, the leptospires circulate in the 
blood for 5-10 days, pending which they concentrate in the 
convoluted tubules of the kidneys, from whence they are 
discharged with the urine Pathogens may continue to be 
revealed from several days to a year (findings of experi 
ments on common voles) The amount of leptospires in the 
urine 1s highest during the first four weeks after infection 
(often even higher than in cultures) Initially, the host 
develops interstitial nephritis Chronic carriers reveal scle 
rotic changes in the kidneys 

Tn natural conditions, rodents do not die of leptospirosis 
but their activity 1s somewhat reduced Infected animals 
become the victims of predatory birds more frequently than 
healthy ones 


Table 2 


Ammal Reservoirs of Lep/ospirae in the USSR 
(including ommals attested as hosts by rsolation and identification 
of pure leptospire cultures) 








1 

Animal host Lepteapire apecies | "Syldsmiologient importance 
Cattle L  grippo typhosa |Normally assumes __ severe 
L srippe typh ta course with high lethahty 
rassowt Widespread in southern 


and eastern regions Con 
yalescent animals may bo 
P, source of anlerlion for mon 
4 Disease mostly latent occurs 
s pastas on farms mostly due to 
violations of sanitary ond 
velerinary rules Reservoir 
animals are source of bu 

c man infection . 
De fourse acute or chronic 
ie fe eanieele Cases of human infection 
descrrbed {n Primorye ter 

mitory and Sakhalin 
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(Continued) 


Nnimal lost Leptespire species | AL ity Byret Ra 
Silver for L_ pomona Observed on fox fatms cource 


acute with high Icthality 
Tpidemlolozie smportince 
not established 


Iorses L_ griprotyplosa }Cource either acute (10-60 
L  pomona ie cent of crscs Iethal) or 
atent Cases of human in- 
fection from animals un 

known 
Common shrew EL yo, L grppo-|lacidence established in con 
(Sorex araneut) typlora tral regions, Alta: and 


Stavropo} territories, haz 
akhstan Cases of human 
infection unknown 
Turopean hedgehog (L erinacet europaet, | Carriers discovered in Mos- 
(Erinaceus ~ euro L corer cow and Yaroslav) regions 
pacus) I pldemologic amportane. 
not clear 
Long-erred hedge JL ertnacet curttt | Considerable incidence of in 
hog — (Lrinaceus fection in Stavropol terrs 
aurttus} tory where tutnan cases 
are also on record 
Back poleert (Pu |L grippotyphora |Leptospires isolated from 
torlus putorius) kidneys of polecat caught 
ina mtural focus of lep 
tospirosis (}arostay] rt 


gion, 

Grey rat (Rattus} LZ feterohaemorrha | More De less high inewdence 
roregicusy gloe L eontco'a} established 3 Moescon, 
L pomona Ruex, Leningrad and oth 
er citics Main source of 
tcterohaemorrhazie [opto 
spirosis On Sakhalin and 
am one of the central rm 
fions rats have been found 

to carry L canteola 
Bank vole (Cleth | grippotyphora [Relatively low ancedence re- 


rsonomys glareo! 13) corded in central and weet 
ern regions 

Field mouse (po | L — grippo-typloa | Leptospire carriers revealed 

demus ograrlur) L  pomona in Kalinin and Yarosli) 


regions stavropo} territo 
ry, Leningral region, 
Byelorussia 
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(Continued) 


Features of disease In animals 
Animal host Leplospire species epidemiological smportance 


Root vole (Micro |L — grtppotyphosa,|One of the clief reservoirs 
tus oeconomus} ZL nero (saxrkoe | of infection in the ceu- 
bing) L sorex tral regions (Moscow, 1a 

roslavi, Smolensk), Altat 

termtory and North Ka 


zabhstan 
Common vole L  grippotyphosa,| Along wath other voles, 
(Mterotus arcatis){ £ pomona L ba} principal reservoir of rnfec 
tariae tion im individual regions 
of Luropean and Asian 
uUSSR_ 
Bush vole ZL pomona Leptospire strains_ isolated 
(Microtus mayort) rom animals in Stavropol 
territory 
Water rat (Aricola| L grippotyphosa | Infected animals revealed in 
terrestris) central regions and Byclo 
russia 
Forest mouse (Apo | L grtppotyphosa {Infected animals found in 
demus stivaticus) central regions, Stavropol 
terntory and Byclorussia 
Harvest mouse L bataviae Carners found in 1 aroslavl 
(Micromys minu region, Ajtai territory, 
tus) North hazakbstan, Byclo 


russia Human infection 
recorded in Byelorussia 
Eastern vole (Wie | L nero (sazkoebing), | Reservoirs found only an Pri- 
rotus fortls pelli-| L hebdomadts Morye territory 
ceus) L grippo typhosa 
Domestic mouso L pomona, lepto | L pomona revealed in Lenin- 
{Mus musculus) spires of the Heb | grad region, L hebdomadts 
lomadis group —in Akmolinsh reg , Stas- 
ropol territory 
Common field vole} LZ grppotyphosa [Infected an:mats found in 
(Altcrotus agrestts) Gorno Altaisk autonomous 
region and Moscow regron 
Narrow shulled L grippotyphosa | Reservoirs in Altar foothills 
vole (Stenecrani 
us gregalls) 
Common hamster} L grippotyphosa |} Carriers found smong ham 


(Cricetus cricetus) sters an the same region 
Lasge gerbil (hom } L _ kasachstaniea 1, | Negarded as a potential res 
bomys optmus) i hasachstantca a oir an Southern hazakh 
stan 
Tamanise gerbil Ditto Ditto 
(Merlones tamart- 
seinus) 
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NATURAL FOCALITY 


Each serotype of the leptospires pathogenic to man 1s 
linked with a definite group of animal hosts, the importance 
of different species of which in maintaining and disseminat- 
ing the disease 1s unequal 

According to our own findings and available hterature, 
the hosts of Leptospira grippo typhosa in the central 
regions of the Soviet Union may be root voles, water rats, 
common voles, bank voles, forest mice and field mice 
Among these, as regards incidence of infection, number and 
ecologic proper ties conducive to the infection of man, root 
voles, common voles and water rats stand foremost The 
reservoirs of the pathogen of so called Nero leptospirosis 
(Hebdomadis group) are root voles and reed voles Har- 
vest mice are the reservoir of L batavia As commonty 
known, this species of rodents 1s the reservoir of L batavia 
in other European countries as well Grey rats are a 
reservoir of icterohemorrhagic leptospires on all five con- 
tinents 

Depending on the habitat distribution of species of 
Muridae acting as reservoirs of individual types of pathogen- 
1c leptospires, the respective leptospiroses may be more 
or less permanently associated either with wild nature or 
territories inhabited and cultivated by man The specific 
natural characteristics of the foc: of water fever—the 
leptospirosis most widespread in the Soviet Union—are 
conditioned by the fact that the reservoirs of Leptospira 
grippo typhosa—the pathogen of this discase—are root 
voles, water rats, forest mice and bank voles, which inhabit 
uncultivated or undercultivated places like swamps, 
floodiands and forests 

Grey or common voles generally inhabit cultivated areas 
(sown fields, meadows) Their ecology and biology stand 1n 
direct relationship with the economic activity of man The 
foc: of water fever, in whose formation these reservoirs 
of L grippo typhosa act the principal part, bear all signs of 
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anthropogenic influence (eg, harvest-time outbreaks of 
water fever in Germany) 

Grey rats, hosts of 1cterohaemorrhagic leptospires, live 
both in nature and, more preferably, in human domiciles 
and services Hence, cases of infection with Vasilyev-Well’s 
disease are more often registered in settlements than in 
nature The penetration and reproduction of harvest mice 
hes at the root of Batavia-type outbreaks among rice work- 
ers 1n Italy, 

The maintenance of natural foci of leptospirosis 1s en- 
sured by the continuity of the epizootic process among 
Mundae Such continuity, being based on the chronic 
character of the disease in rodents, which promotes the 
interseasonal maintenance of pathogenic leptospires in the 
rodent population, 1s dependent lhkewise on the routes of 
pathogen transmission associated with the biology and 
ecology of the reservoir and environmental factors of 
climate, geography, terrain and meteorology 

The basic routes of transmission are through contact and 
water Of somewhat lesser importance ts infection through 
food The portal of entry may be damaged skin and oral, 
nasal, conyunctival or genital mucosa Certain importance 
should be attributed to copulation, since in natural environ- 
ments, this form of contact 1s most common dumng periods 
of rodent population growth, and the route of the 
pathogen’s passage from animal to animal shortest 

Intrauterine infection of progeny by parent rodents has 
not been revealed and 1s of no practical importance Like- 
wise unestablished is the participation of arthropods— 
specific and non specific rodent parasites—in the circula- 
tion of infection in natural foc: 

In the central zone of the Luropean USSR the inter- 
seasonal epizootic dynamics of leptospirosis among root 
voles are irregular According to observations of voles in 
a floodland focus near lake Nero (V V Ananyin and 
E£ V Karasyova, 1950-1954) these dynamics, in their rela- 
tion to the conditions of transmission, appear as follows 
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In the winter months the incidence of the infection among 
animals stays at minimum, since transmission through 
water is null, contact and food transmission being restricted 
(lower Populations, almost complete stoppage of reproduc- 
tion). Early in spring, due to flood waters and concentration 
in survival habitats, as well as the onset of mating, direct 
and indirect contact increases along with the incidence of 
leptospirosis. As the waters recede and the animals disperse 
among their natural habitats, copulation, and hence, sexual 
contact, become more frequent. The reproduction of the 
animals provides for the appearance of more and more 
generations susceptible to infection, with the resultant 
increase in density of population. In summer and early 
autumn (July-September) the population of rodents as well 
as direct and indirect contact between them, is at its height 
and the rate of leptospire infection among voles, therefore, 
is greatest. Abundant rains enhance infection through 
water, moist soil, and green food contaminated with the 
urine of pathogen-carriers. Late in autumn (October-No- 
vember) the reproduction rate diminishes together with the 
population, which is followed by an increase in the number 
of post-convalescents unsusceptible to repeated infection. 
The epizootic approaches its minimum. A small percentage 
of the animals infected during spring and summer survives 
the entire winter, still remaining leptospire-carriers. In 
spring these animals are liable to cause a new uprise in the 
epizootic. 

The boundaries of a focus are determined by topographic 
conditions conducive to the life of infection-carrying 
rodents. 4 

The organisation of preventive sanitation in the natural 
foci of leptospirosis, as in other foci, requires an assay of 
the fatter’s structure. With this view, the following factors 
are estimated: (1) nomenclature of primary and secondary 
hosts among wild and domestic animals; (2) dynamics of 
the epizootic process among the principal host populations 
(in relation to habitat distribution, age and sex of animals, 
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meteorologic and other factors), (3) seasonal changes in 
the territorial location of natural foc: 

Infection carriers are revealed in the foci with the aid 
of epidemiological data, viz, an approximate estimate 1s 
taken of the sites of human infection (e g , boggy hayfields, 
bathing-pools, drainage and harvesting areas, etc ), making 
sample surveys of the local rodents for leptospire infection 
In absence of epidemiologic indications a fairly good land- 
mark are certain habitats populated by small rodents, 
which have frequently been found to harbour infection in 
earlier investigated foci, such habitats including damp, 
swampy areas of river floodlands, lake shores, hollows, etc 
For example, animals infected with L grippo typhosa and 
other pathogens of non icteric leptospiroses, were revealed 
in swamps and along the banks of lakes, rivers, old river- 
beds, etc, in already explored foci of the Moscow, Yaro 
slavl, Smolensk and Akmolinsk regions, Altai territory and 
elsewhere The animals included representatives of the 
genus Microtus, harvest mice (Micromys minutus) bank 
voles (Clethrionomys glareolus), water rats (Arvicola ter- 
rests) In the Yaroslav] region root voles (Microtus 
Oeconomus) infected with leptospires were caught only in 
reed thickets, among grass grown hummocks, in wet scrub 
and other habitats of a lake basin (V V Ananyin and 
E V Karasyova, 1953) Jn Northern Kazakhstan infected 
root voles and domestic mice (Mus musculus) were caught 
among the reeds near fresh water steppeland lakes 
(V V Ananyin andE V Karasyova, 1956) In the Primorye 
territory infected reed voles were met in hummocky 
swamps (V A Eskin, N N Isofatenko, 1952, et al) 

Certain importance may be ascribed to the alkalinity and 
salt content of the water As is known, leptospires can 
not survive in water with a high salt content For this rea- 
son, no natural foc: of leptospiroses have been discovered 
on sphagnum and peat bogs (where the water has an acid 
reaction), or along the banks of saline reservoirs which lack 
the conditions necessary for transmission through water 
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The animals are caught in order to assay the incidence of 
infection, population numbers and habitat distribution, 
which is indispensable for a complete appraisal of the focus 
in question. 

Population counts may be either relative or absolute. The 
former are carried out by means of spring-traps, wire cages 
and ditches. Absolute counts may be effected by marking 
the animals. 

Best suited for the purpose are medium-sized spring- 
traps and wire cage-traps, the cage in which may be made 
of a common preserve can. The cage is intended to protect 
the trapped animals from bad weather and hunger until 
they are extracted, for which the cage is provided with a 
supply of food and straw lining. The traps are baited with 
combination bait consisting of bits of rye bread crust 
dipped into sunflower oil and slices of carrot. Such bait will 
Prove attractive both for grass-eating voles and seed- 
eating mice. 

The traps are set in rows of 100 with 7 metre intervals 
between traps. The rows are distributed as regularly as 
possible among a}] habitats under survey, moist areas being 
given priority. The traps are set in the afternoon, and 
checked and removed early in the morning (in the temper- 
ate zone, not later than 6-7 a.m. during the warm season). 
The mean number of animals caught in a night per 100 
traps (trapping percentage), is assumed as an index of the 
relative population of small mammals. This method affords 
an estimate of animal population changes in time and the 
simultaneous level of animal population in different 
habitats. 

Traps, even combination baited, are not equally effective 
for different species. For example, shrews, birch-mice and 
certain other species are seldom caught by this method. 
Therefore, to achieve the greatest possible accuracy in 
counting the small mammals populating the foci, use fs 
made of ditches. The latter are dug spade-deep, spade-wide, 
and 20 m long, with smooth sides. Each should be furnished 
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with 3 tin cylinders 60 cm high and 30 to 35 cm in dia 
which are dug into the bottom at equal distances (8 to 
10 m) from one another The upper rim of the cylinder 
should closely fit between the walls of the ditch The 
ditches are inspected daily, not later than 6 or 7am The 
mean number of animals caught in 10 days per ditch pres- 
ents a relative index of the population of a given habitat, 
as counted by the method described The ditches require 
regular care, 1e, they should be systematically cleared of 
accidentally occurring insects, frogs, etc, and the walls 
prevented from crumbling, and so on 

Absolute counts provide more accurate data, permitting 
estimates of the number of animals per unit of area In the 
natural foci of leptospirosis, where the infected animals 
live on damp, swampy terrain and thereby render counts 
by means of wholesale trapping (excavation of burrows) 
impracticable, the animal population 1s counted by mark- 
ing The procedure involved 1s as follows Wire cage traps 
are staggered over an area of J or 2 hectares with 10 me 
tre intervals between traps The devices are inspected 
twice a day Captured animals are marked by cutting off 
their toes in different combinations (digital numeration) and 
set free at the site of capture Subsequent repeated catches 
of marked animals make it possible to determine the num 
ber of permanent animal inhabitants in the area under sur- 
vey, {e, the absolute animal population 

The dead and living animals obtained for laboratory 
study are delivered separately All specimens extracted 
from spring traps, ditches, etc, are placed into special 
bags, ane per bag, accompanied by labels giving date, brief 
description of habitat, place of capture and name of collec- 
tor Live animals caught in snares are placed in special 
cages with separate numbered cells provided with doors 
Each animal 1s put into a separate cell The labels are filled 
in the same manner as for dead animals, except for the 
number of the respective cell 

In dead animals apart from specific identification, the 
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zoological investigations conducted prior to autopsy and 
bacteriological study should include measurements of the 
length of the body from the tip of the snout to the root of 
the tail with an accuracy of 1 mm, and weighing (accuracy 
up to 1 gr), which is necessary for determining the ro- 
dent's age. After autopsy and bacteriologica) tests the con- 
dition of the genital organs is surveyed to determine the 
reproductive activity of the given specimens. In males, the 
Jength of testis and seminal vesicles is measured to deter- 
mine the occurrence or non-occurrence of spermatogenests. 
In doubtful cases microscopy of smears obtained from sem- 
inal adnexa (for spermatogenesis) should be resorted to. 
In females, maturity is established by the status of the 
uterus and ovaries. 

In pregnant females, an estimate is made of the number 
and size of the embryos, and in those who have had off- 
spring—the occurrence of lactation, counting the number 
of placentary spots on the uterus (an index of the number 
of previous litters and littered young). 

For more precise age estimates, skull series are collect- 
ed. Assessments of age and reproductive activity are im- 
portant for drawing correct conclusions on the conditions 
of the development of the epizootic process among the ro- 
dent population. As is known, Septospirosis chiefly af- 
fects mature animals, the possibility of infection increas- 
ing with age. In our own investigations conducted in the 
Yaroslav} region, there were no infected specimens among 
young root voles up to 1.5 months old, miscellaneous cases 
occurring at 1.5-2 months, and more than half the voles 
from 2.5 to 4 months old being infected, while as regards 
animals over 8 months old, the absolute majority were in- 
volved in the epizootic. 

The age composition of an animal population varies an- 
nually. For some years in autumn it may include a consid- 
erable percentage of rodents surviving from the previous 
winter, while for others the entire population may consist 
of animals borne the same year, In the former case, accord- 
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ingly, the rate of the epizootic among the rodent popula- 
tion 3s higher than an the latter. 

By confronting the age composition and rate of repro 
duction with data on number and habitat distribution, a 
long-term population forecast may be made, eg, in spring 
for autumn, and in autumn for the spring of the next year, 
which 1s obviously important for the organisation of anti- 
epizootic and anti-epidemic campaigns, since the morbidity 
rate of an epizootic of leptospirosis depends on the density 
of the given rodent population The higher the latter, the 
greater the possibility of healthy specimens being directly 
infected by elimunators of leptospires (through copulation, 
residence in common burrows, etc ), and through food and 
water contaminated by urme of infected animals 

Apart from number and age composition, the rate of an 
epizootic among a rodent population depends on the 
amount of sediments, greater sediments in summer mostly 
being accompanied by higher morbidity, since water, as 1s 
known, presents one of the principal routes of transmis- 
sion By confronting these three factors, a more or less ac- 
curate forecast may be made of the rate of the epizootic for 
the forthcoming season or year, which to a certain extent 
permits epidemiologic prognosis as well 


TECHNIQUE OF INVESTIGATIONS FOR LEPTOSPIROSIS 
INFECTION IN WILD ANIMALS 


Among the methods employed are (1) dark-field micro- 
scopy of saline suspensions of crushed organic tissues (kid- 
neys, liver) and urine, (2) microscopy of histologically pre- 
pared kidney and liver sections (silver impregnation), prior 
to histological treatment, the preparations are kept in 10 
per cent formalin, (3) inoculation of material under test 
into spectal culture media (Vervoort-Wolf's, Fletcher's, 
etc), during capeditions, when working in impromptu la- 
boratories, it 1s tmportant to have a store of media con- 
tained not in conventional bacteriological test tubes, but 
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in ampules which are opened before and soldered after in- 
oculation; (4) infection of laboratory animals with suspen- 
sions of the organs of animals under study; (5) serologic 
(agglutination-lysis) tests for antibodies active against 
pathogenic leptospires. 

The above methods have been attested in application to 
studies of leptospire infection in wild rats, the literature 
on the subject being sufficient for assaying the advantages 
and shortcomings of each. 

Some of the technical details of investigations for lep- 
tospire infection employed by ourselves require special 
consideration, as somewhat differing from the routine. 

The carcasses of animals (those caught alive should be 
killed) are secured on the autopsy table. The pelt is treat- 
ed with alcohol and seared (we, personally, do not resort 
to disinfectants like lysol for fear of accidental contami- 
nation of investigated material). The instruments for au- 
topsy (scissors, tweezers, etc.) are placed before use into 
96° alcohol and burned in the flame of a spirit-burner dl- 
rectly prior to operation. The pelt on the abdomen and 
thorax is separated and folded aside. 

With sterile instruments, an opening is made first in 
the abdominal, then thoracic cavities, removing the liver 
and kidneys and placing them in sterile cups. With the aid 
of a Pasteur pipette, 2 or 4 drops of blood are taken from 
the heart, each drop being separately applied to a piece of 
filter-paper and conserved by 2 or 3 hours drying at room 
temperature for use in serologic tests. In cases when the 
pipette is of no avail, we resort to dissection of the cardi- 
ac cavity. 

In contrast to certain authors (A. A. Varfolomeyeva, 
V. J. Terskikh), who recommend preliminary crushing of 
material for primary culture and microscopy in porcelain 
cups, we find this procedure not only too complex for mass 
investigations on rodents, but also quite unsatisfactory for 
a number of reasons. (1) Crushing may often lead to con- 
tamination with alien microflora. (2) Due to the presence 


cia] 


of leptospires in the organ and the respective antibodies 
in the blood, crushing leads to swift contact between the 
aforesaid, which, as we have often observed, unfavourably 
tells on the results of microscopy and culturing, owing to 
the accompanying agglutination lysis reaction (3) Within 
the kidneys, as 1s known, the leptospires disseminate in the 
upper, cortical layer, whence culturing and microscopy of 
tissue suspensions made of the entire organ are unadvis- 
able With this in mind, we prepare cultures not from sus 
pensions, but from pieces of tissue cut out by scissors, 
with due regard for sterility, from the surface of the kidney, 
1e, the cortex The tissue samples thus obtained may then 
be extracted and inoculated with Pasteur pipettes 

The volume of tissue employed for culture should approx 
imate a millet grain, since, as we have found, large quan- 
tities of culturing material are not only unconducive to 
the growth of leptospires, but even hinder 1t owing to sub- 
Sequent maceration of the organic tissues and changes in 
the mechanical and chemical properties of the media For 
dark field microscopy, a so called crushed drop prepara- 
tion 1s made on a slide from a saline suspension of the 
organ The material for suspension 1s extracted from the 
cortex with a Pasteur pipette Whenever the bladder 1s 
filled with urme, the latter 1s also taken for culture and 
microscopy In cases when direct microscopy reveals lep 
tospires in an animal’s kidneys, :t 15 advisable to infect 
guinea pigs (subcutaneously) with a suspension of kidney 
tissue to estimate the pathogenicity and virulence of the 
microbes 

Leptospire strains may be extracted from matenal con- 
taminated by alien microflora by employing guinea pigs 
as live filters With this purpose, guinea pigs are inoculat- 
ed intraperitoneally with 15 to 2 ml of kidney suspension 
Atter iG to 5G minutes, diood ts taken from the Heart wrtt 
sterile pipettes and inoculated :nto sterile cultural media, 
which in a few days will produce pure Jeptospire growths 
An advantage of the method 1s that the cultures include 
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only the leptospire containing blood of the gumea pig with 
out the initial kidney tissue of the animal under test, which 
may include antibodies hindering the growth of lepto 
spires 

To obtain pure leptospire cultures from carrier animals 
received dead (subjected to microbial seeding), resort may 
also be taken to laboratory bred wild rodents (young com 
mon hamsters and voles) putting them through microsco 
py and serologic tests for leptospire infection Ten to fif 
teen days later, the laboratory animals are inoculated sub 
cutaneously with the materials (kidneys, urine) under test 
In positive cases, pure Jeptospire cultures may be isolated 
from the kidneys of the laboratory bred specimens 

The cultures are kept in a thermostat for at Jeast 30 
days Every 5 days crushed drop samples are put to darh- 
field microscopy for presence of leptospires If such are 
revealed, even in small quantities, the material 1s imme 
diately reinoculated into fresh media, subsequent recul 
turing being made not less than once 1n five days, since in 
many cases the primary specimens are extremely capri 
cious, as it were, in culture on artificial media and require 
more care than museum strains until, so to speak, they 
become fully adapted to the medium 

As mentioned earher, when intended for serologic pur 
poses blood drops from the animals under study are dried 
on filter paper This conservation method, which ts likewise 
employed for other diseases, was first tested in diagnosing 
leptospirosis by ourselves in collaboration with I I Niko 
layev in 1947-48 Agglutination lysis 1s staged not later 
than a month after desiccation The first dilution comprises 
1/10 (2 drops of blood+18 drops of saline), or, mn terms 
of serum, 1/20, then follow dilutions of 1/50, 1/100, 1/500, 
1/1,000, 1/10,000, 1/50,000 and 1/100000 For wl sera 
under study, the agglutination lysis pilot test 1s staged only 
tn the first two dilutions named (1/20 and 1/50) With pos 
itive results in these dilutions, the reaction 15 continued 
to serum titre For agglutination tests use 1s made of set 
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én- to ten day-old sera of museum strains including those 
known In the Soviet Union 

Investigations for leptospire infection should be made 
shortly after the animal’s death (24 to 72 hours, in sum- 
mer), since the onset of microbial seeding handicaps isola- 
tion of pure cultures and subsequently leads to the latter's 
death and disappearance due to competition on the part 
of purogenic microbes Hence, for prompt treatment of 
materia), the Jaboratory should be set up in the direct vi- 
cinity of the site of trapping Carcass investigation should 
be made, as a rule, within the first few hours, or at any 
rate, not later than 12 hours after the animals’ death in 
snares 

Identification of leptospire strains isolated from animals 
caught in nature 1s effected by the agglutination-lysis 
method Use should be made of museum strains (Table 1) 
The pathogenicity of the cultures for laboratory animals 
(guinea pigs weighing up to 100 200 grams) 1s determined 
as well 

The bacteriological findings are utilised in pinpointing 
the location of the focus m question With this purpose, 
discoveries of infected and of healthy animals are plotted 
on a large-scale map by means of symbols, each of which 
represents a Separate animal The best for use are large- 
scale land survey maps, which are available, as a rule, on 
all collective and state farms. 

Mapping assists in rationalising exploration of infection 
reservoirs in nature Maps give a vivid idea of the distri- 
bution of an epizootic over an area, and in the case of 
operations covering several months, permit an estimate of 
seasonal changes in the size of the area affected by lepto- 
sptrosis In this way it 1s possible to establish the season 
when the leptospirosis-afflicted area 1s of minimum size, 
je, when the infected animals concentrate in so called 
elementary foci (N. P. Naumov) Such seasonal changes 
in focal area may vary broadly, as observed, for example, 
on the banks of lake Nero (Yaroslavl region) by V. V. Ana- 
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nyin and EV. Karasyova in 1954, and may compnise from 
20 hectares in spring to 800 hectares in summer, the ele 
mentary foci in the period of decline of the epizootic, re, 
early in spring, presenting definite limited areas distin- 
guished by increased density of Microtus oeconomus pop- 
ulation In various landscapes and climatic zones, elemen- 
tary foc: may reveal certain distinctions as to time of 
formation and distnbution over the area An exact estimate 
of the time of formation of elementary foc: and the area 
they cover 1s essential for control campaigns The accom- 
plishment of the latter precludes the spread of an epizootic 
to larger areas, thereby preventing outbreaks among people 
and agricultural animals 

Control campaigns in natural foc: may be effected by 
use of baits poisoned with zinc phosphide The lethal doses 
ate established for every rodent species individually, the 
complete lethal dose comprising 2 mg for root voles 
( V. Karasyova, E V Narskaya, D § Osherova, 1958), 
12 mg for water rats (V V Kucheruk et al, 1955), 20 mg 
for sushks (N A Nikatina et al, 1955), ete 

It as Inghly :mportant that the chosen bait should be 
sufficiently attractive for animals of the given species A 
particularly good bait are wild plants, which are readily 
eaten by animals, eg, the roots of reeds and other water- 
plants, as in the case of water rats (V V Kucheruk et al) 
In common practice, the most extensive use 15 made of 
root crops and the seed of cultivated plants In particular, 
im foc: of non icteric leptospirosis, whose main reservoir 
are root voles, control campaigns may be effected with 
the use of carrot bait (E V. Karasyoya, E V. Narskaya, 
Vv V Ananyin, 1954) The recipe Of the mentioned poison 
bait 1s as follows 100 gr carrot, 1 gr zinc phosphide, 2 gr 
vegetable o:1 Vegetable oi! 1s used for applying the porson 
to the bait The carrots are cut into 1 gram slices, their 
amount being calculated in accordance with the total 
amount of poison One slice of carrot should hold 10 mg of 
zinc phosphide, or 5 lethal doses With lower concentration 
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of the poison not all animals swallowing the bait will die 
since part of the bait may remain uneaten, or the poison 
be partly removed by the animals paws, etc On the other 
hand with larger concentrations, the bait proves less at 
tractive for animals 

The amount of bait to be used in campaigns per unit of 
area is determined by the density of the animal population 
an the given focus and the mean area of an animal s individ 
ual beat, 1e, the size of the area which it inhabits The 
population density and individual habitation area may be 
estimated by marking (see above) The bait should be dis 
tributed in such a way that no less than 4 or 5 pieces occur 
on each individual plot With a mean density of 25 root 
voles per hectare 15 kg of poisoned bait will be required 
for a campaign In practice, the poisoning of an area 1s 
effected by workers moving in a row at 10 metre intervals 
from one another, laying 2 pieces of bait after every 2 or 
3 metres Population counts should be made before and 
after the campaign to check its efficiency 

The first attempt at using this method in a focus of 
leptospirosis near lake Nero (Yaroslavl region E V Ka 
rasyova et al, 1954), gave heartening results The root vole 
population in an elementary focus was completely de 
stroyed, the rate of the epizootic, as compared with con 
trols falling fivefold throughout the focal area and the 
effects continuing all through the epizootic season (from 
May to September incl) 

In recent years, communications have been published on 
the incidence of leptospirosis among Insectivora Reser 
voirs have been revealed among common shrews, long 
eared hedgehogs (L erinace: auriti) European hedgehogs 
(L erinace: europaci) and water shrews (Jeptospires of 
the L po: L sorex type) The epidemiological importance 
of leptospirosis in Insectivora 1s not sufficiently clear 
Cases of infection with leptospires of the L grippo ty 
phosa type have been revealed 3n polecats and certain oth 
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ers. Also on record are high-lethal outbreaks caused by 
L. pomona among silver and arctic foxes on pelt farms. 
The epidemiologic importance of both wild and cultivated 
carnivora (foxes) is apparently not high. 

As regards commensates, most important epidemiolog- 
ically are leptospiroses of agricultural animals, chiefly cat- 
tle. The first to describe leptospirosis in cattle as a disease 
sui generis were S, N. Nikolsky, F. M. Desyatov and G. F. 
Marchenko (1935). In the Northern Caucasus these authors 
observed cattle diseases marked by jaundice and hematu- 
ria, which gave them reason to call it icterahaemoglobi- 
nuria. On the basis of detailed investigations on the course 
of the disease, as well as pathologo-anatomical, histologi- 
cal and epidemiological data, they concluded that, until its 
etiology is finally established, icterohaemoglobinuria should 
be regarded as a separate nosological entity. In 1939 the 
Jeptospirose etiology of the latter was established beyond 
doubt by V. I. Terskikh, M. V. Zemskov, S. Y. Kreutzer and 
Z. A. Roshchina, who succeeded in isolating pathogenic 
leptospire cultures from the blood of diseased animals. As 
demonstrated later, these cattle diseases are caused by the 
same species of leptospires as in man, i.e., by L. grippo- 
typhosa, L. pomona, L. tarassowi (L. mitis) and, less fre- 
quently, by other species. 

Our literature contains sufficiently detailed descriptions 
of the respective clinical picture, pathologic anatomy and 
histology. Suggestions have been put forward as to the 
sources and routes of dissemination of the infection, and 
measures have been proposed and carried out for its con- 
trol. The clinical course of the disease in typical cases is 
susficiently characteristic: short-term temperature rises 
(for 1-3 days) up to 40° or 41°C, mental depression, rejec- 
tion of food, and frequently conjunctivitis. Simultancously 
with the decline in temperature, the skin and visible mu- 
cous membranes become jaundiced, the urine acquiring a 
dark-red colouring. Most vividly manifest are jaundice of 
the sclera, udder, internal surface of the ear and other hair- 
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less areas of the skin, necrosis is observed on séctions of 
the skin on the back, udder, ears and elsewhere Lactation 
falls and the milk acquires a yellowish colour, containing 
admixtures of blood Lethality in :cterohaemoglobinuna 1s 
quite high, especially in calves, comprising an average of 
30 to 35 per cent In cases with a favourable outcome, con 
valescence is prolonged, often for many months due to de 
veloping cachexia, which frequently leads to inevitable 
slaughter According to I A Dukalov, the disease may 
also assume subacute, atypical and chronic forms V N 
Terskikh reports having observed leptospirose infection 
without any visible manifestations 

Icterohaemoglobinuria, first recognised in the North Cau- 
casus, proved to be a rather widespread infection in the 
south and east of our country In the central and northern 
regions of the Soviet Union it 1s met considerably rarer 
Cattle leptospirosis 1s also recorded in the USA, and 
West-European countnes like Switzerland, Germany, 
Bulgaria, Rumania and others, as well as Israel and 
Australia 

It has been established that in animals recovering after 
icterohaemoglobinuria, the leptospires may survive in the 
kidneys and be eliminated with the urine The duration and 
intensity of leptospiruria are not sufficiently investigated 
V I Terskikh succeeded in :solating leptospires from the 
kidneys of calves slaughtered 3 months after icterohaemo 
globinuria 

Icterohaemoglobinuria 1s noted for its seasonal peaks The 
highest morbidity has been recorded in July-August Sep- 
tember, :e, the months when people likewise most fre 
quently contract the disease In contrast to the strict enough 
seasonal incidence of water fever and other leptospiroses 
in man a rather common occasion 3n epizootic foci are 
cases of icterohaemoglobinuna occurring in winter and 
spring (during stable maintenance) Infection may likewise 
occur throughout the year 
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Water is usually regarded as the main medium of trans 
mussion of icterohaemoglobinuria, the source being lepto 
Spire Carrying agricultural animals which contaminate their 
watering and bathing places with urine This fact accounts 
for the observed higher incidence of the disease at pastur- 
ing as compared with stable maintenance (S _N Nikolsky, 
F M Desyatov and G F Marchenko, I A Dukalov) Of 
Greatest epidemiological importance in this regard 1s the 
watering of cattle in small stagnant ponds, swamps and 
shallow ‘rotten rivers of the steppeland belt In settlements 
located along large river courses, 1e, near running water, 
the disease 1s practically non existent At stable mainte 
nance when animals are in close touch with each other 
transmission may be effected at contact between an 11 
mals face or other part of the body and the urine of an 
eliminator of leptospires 

Owing to the fact that leptospirosis in agricultural ant 
mails 1s observed to precede or coincide with outbreaks of 
water fever among people convalescent animals are usual 
ly regarded as a source of infection However, although 
admitting the considerable importance of cattle and other 
agricultural animals in the dissemination of Ieptospiroses 
among people, the part played by natural foc: of the in 
fection should not be underrated either 

Epizootic outbreaks of cattle leptospirosis unassociated 
with natural foci are possible when animals from stricken 
farms are admitted into healthy herds in direct violation 
of sanitary and veterinary rules The duration of such ep1 
zootics in foct of anthropurgic character 1s directly de 
pendent on the promptness of contro) It 1s well hnown 
that the first cases of scterohaemog)obinurs on hitherto 
satisfactory farms are registered after transferrmg the 
cattle from stables to pastures which in southern regions 
takes place in February March Jn foci of the dise1se cat 
tle may be onfected primarily, by leptospire carrying ro 
dents which contaminate the reservoirs employed fo~ “3 
tering and bathing cattle The existence of natural foci 
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may serve to explain the maintenance of the infection in 
interepidemic and interepizootic periods 

The incidence of the respective natural foc: has been 
established in a number of regions where leptospirosis oc- 
curs among cattle, in particular, the Stavropol, Krasnodar 
and Primorye territories and Kazakhstan Leptospirosis in 
pigs 1s mostly caused by leptospires of the species L po- 
mona The clinical symptoms here are generally obscure, 
including slight temperature rises and gastroenterites Lep- 
tospires are eliminated with the urine from the beginning 
of the third week which sometimes continues for up to a 
year Foreign authors, eg, Kathe (1950), assert that the 
pomona infection in swine owes its maintenance exclu- 
sively to infection of healthy animals by diseased, or, in 
other words, that swine are the principal reservoir and 
rodents only a side branch of the infection chain 

The mentioned author, however, overlooks the high in- 
cidence of L pomona in grey rats and the latter’s exten- 
sive contacts with swine (contamination of food and litter 
in pigsties, devouring of dead rats by swine, etc) There- 
fore, although it 1s impossible to deny the lability of swine 
mfecting one another, rats should be considered as the 
main source of infection Outbreaks and sporadic cases 
were also described among people, who were associated 
with bathing in small reservoirs contaminated by infected 
swine Leptospirosis likewise occurs among other agricul- 
tural animals, e g, goats, sheep and horses, whose role in 
the epidemiology of the disease, however, 1s as yet not 
clear enough 

Among domestic animals, especially important as a 
source of infection are dogs The disease in the fatter 1s 
most often caused by two species L canicola and L tcte 
rohaemorrhagiae The infection may assume either a rela- 
tively mild or severe course, in the latter case with jaun- 
dice, hemorrhage and uremia Convalescent animals for a 
long time continue to eliminate leptospires with the urine, 
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thus being a potential source of infection for man. The haz- 
ard of contagion from dogs is especially grave for per- 
sonnel in dog-pounds and veterinary hospitals, as well as 
dog-tenders, owners of hunting dogs and pets. Leptosplro- 
sis most frequently occurs among strays, wherefore service 
dogs and pets should be prevented from associating with 
the former. In Indonesia leptospirosis has been recorded in 
cats. The causative agent in this case are two types: 
L. batavia and L. javanica. Cases of human contagion from 
pathogen-carrying cats are unknown. 

Control measures against leptospirosis comprise the fol- 
lowing: 

(1) protection of people against contagion by all avail- 
able means precluding direct or Indirect contact with 
reservoirs as well as mass immunisation with preventive 
vaccines; 

(2) measures in the natural and anthropurgic foci to clim- 
inate the very possibility of infection by total sterilisa- 
tion or destruction of the source. 

The first category of control includes prevention of con- 
tamination of public water reservoirs (wells, water-mains, 
etc.) and food by rodents and other potential leptospire- 
carriers, To preclude contamination of open reservoirs by 
cattle, it is advisable to install special water-troughs and to 
appoint special places for watering and bathing cattle (e.g., 
on rivers—downstream from water-drawing places and 
human bathing sites). In foci of infection, the use of un- 
sterilised water for drinking should be prohibited. Water 
decontamination, as is known, is effected by boiling or 
chlorination, the chlorine doses for the purpose not excecd- 
ing those used in the case of enteric fever and other in- 
testinal diseases. Work in leptospirosis foci (haymaking, 
drainage, etc.), may be conducted only with occupational 
safety precautions, e.g., the use of waterproof boots and 
gloves. Extremely important in this respect Is the pre- 
vention of abrasions and cuts of the skin, which may serve 
as portals of entry of the infection. Extensive mechanisa- 
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tion of haymaking and drainage are highly beneficial in pre- 
venting occupational diseases 

Certain importance may Ikewise be ascribed to selec- 
tive vaccination of sections of the population most exposed 
to leptospire infection (eg, herdsmen, milkmaids, vet- 
erinarians, slaughter-house workers, haymakers engaged 
on marshland, land reclamation and rat contro] personnel, 
bridge bu:lders, water rat trappers, etc) A particularly ef- 
fective measure 1s wholesale vaccination of cattle and other 
livestock in areas endemic for leptospirosis 

Measures of the second category, which are aimed at 
elimination of infection sources, include rat control, eradi- 
cation of leptospirosis among livestock, and swamp drain- 
age Rat control, as a means of sanitation 2n natural foc: 
of the disease, 1s not sufficiently used in practice The basic 
recommendations for sanitation of the natural foc: in ques- 
tion through destruction of rodents by poisoned bait, were 
presented earlier in this chapter (p 208) 

In anthropurgic foct, where the reservoirs of disease are 
agnicultural animals, the principal sanitation measures are 
as follows (1) early diagnosis, (2) prompt isolation and 
treatment of diseased animals (eliminators being isolated 
until elimination ceases), (3) quarantines imposed on herds 
and flocks where cases of disease are recorded, (4) enforce- 
ment of necessary sanitary and veterinary precautions 
for stable and pasture maintenance 

Drainage of stricken regions is the most radical means 
of samtation, not only disrupting the principal chain of 
transmission (rodent—water—man), but providing the pre- 
requisites for a drastic change in the environments of ro- 
dent reservoirs Drainage promotes the extermination of 
swamp vegetation, the main source of food for moisture- 
loving rodents (root voles, water rats), which must inevita- 
bly lead to the numerical reduction and subsequent 
complete extinction of the respective animals on the area 
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TULAREMIA 


Detailed studies on the distribution, maintenance and 
epidemiological manifestations of natural foc: of tularemia 
are essential for the prevention of this disease, which log- 
teally envisages sanitation of the foc: Academician Y N 
Paviovsky’s theory on the natural focality of diseases 
transmitted from animals to man, forms a sound theoret- 
ical basis for such studies Investigations on the natural 
foci of tularemia should be carried out with all due con- 
sideration for the economic influence of man (the social 
factor) In contrast to certain other diseases with natural 
foci, tularemia may exist despite the onset of agricultural 
development, irradiating into cultivated areas, and may 
even increase ats effects when violations of agricultural 
standards are admitted 


GENERAL INFORMATION 


Tularemia is a disease caused by bacteria of the species 
Francisella tularensis McCoy et Chapin, transmitted to 
man by rodents, insects and ticks As classified by Y N 
Paviovsky, tularemia belongs to the category of faculta- 
tive transmissible diseases with natural foc: The causative 
agent was first isolated in 1911 in the US A by McCoy and 
Chapin (McCoy & Chapin, 1912) while investigating a 
plague-like disease in gophers The authors named the 
microbe Bacternum tularense after the district of Tulare, 
California on whose territory the diseased gophers were 
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revealed Later, when the disease was discovered to afflict 
man, Francis (1921) proposed the term tularemia, based on 
the specific name of the causative agent In the USSR < 
the microbe was first isolated in 1926 by S V Suvorov, 
A A Volfertz and M M Voronkova while investigating 
patients in the delta of the river Volga, near Astrakhan 

The causative agent presents a well defined microbe 
form with marked parasitic features Some authors refer 
the tularemia microbe to the genus Pasteurella, others to 
Brucella The considerable distinctions of the pathogen 
from representatives of both genera give reason to agree 
with the proposal of K. A Dorofeyev (1947) that the mi- 
crobe be placed into a spectral genus Francisella 

American strains of the microbe differ from European 
and Asian types in their greater pathogenicity for labora- 
tory animals (especially rabbits) and man, as well as cer- 
tain biochemical properties This indicates the existence 
of two geographic varieties of the microbe—American 
(New World or Nearctic) and Euroasiatic (Old World or 
Palaearctic) The Euroasiatic vanety was recently nominit- 
ed Francisella tularensis palaearctica, whereas the Amer- 
ican subspecies retains the orginal nomination of f° tula- 
rensts tularensis (N G Olsufyev, O S Yemelyanova and 
T N Dunayeva, 1959) 

Tularemia in man represents a febrile disease of infec- 
tional, allergic, and rarer, septic nature Usually, the dis- 
ease continues from two to three weeks, sometimes more, 
and in rare cases may produce relapses occurring in the 
course of several years Direct contact with tularemia 
patients does not Jead to infection Apart from general 
symptoms hike fever, headache, debihty, etc, tularemia 1s 
noted for inflammation of the lymphatic nodes and adjoin- 
ing tissues (buboes), developing locally at the site of the 
pathogen’s penetration into the body The lymphadenitus 
usually assumes a protracted form, and may be accomp3- 
nied by suppuration of the inflamed lymphatic node (or 


nodes) 
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Clinical forms are distinguished by the site of the pri 
mary lesion, the following being known from practice 
ulcerous bubonic, bubonic, anginous bubonic, oculo bubon 
1c, intestinal and pulmonary or thoracic (G P Rudnev, 
B N Stradomsky, A A Volfertz, A F Builibin, I R Dro- 
binsky, et al) As regards duration, tularemia may be 
acute, protracted and relapsing, and, according to degree 
of severity, mild, moderate and severe The most severe 
manifestations occur in the pulmonary form, while 1n the 
rest the course 1s moderate or mild Mean lethality in the 
USSR and Western Europe 1s below 05 per cent in con 
trast to the US A and Canada, where, without treatment, 
it comprises from 5 to 6 per cent, which 1s associated with 
the higher virulence of the pathogen occurring in America 
Autopsy reveals necrotic foc: in the spleen, liver, lungs 
and other organs 

Tularemia is marked by protracted recovery, with the 
possibility of remote relapses after various periods (up to 
a year and more) 

The disease 1s known in America, Europe and Asia with 
in the lamits of the northern hemisphere, its incidence in 
Africa not being sufficiently proved Definite cases in the 
southern hemisphere are unknown 


NATURAL FOCI 


A natural focus of tularemia presents a biocenotic entity 
of complex structure, whose invariable components are the 
causative agent, vertebrate reservoirs and blood sucking 
arthropod vectors The infection may be disseminated 
among vertebrates not only by blood sucking arthropods, 
but by other routes as well, particularly through water 
and food 

Investigation on natural foci of tularemia should cover 
the following (1) characteristics of focal terrain (2) ter1o- 
logical features (specific assortment, number and distribu 
tlon of vertebrates) (3) parasitological characteristics 
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(species, number and occurrence of blood suching arthro 
pods), (4) epizootological, and (5) epidemiological data 


Focal Terrain 


In contrast to the majority of diseases with natural foci, 
tularemia occurs on all types of terrain in every geograph- 
1¢ zone on the non alpine areas of the USSR, including 
tundra, forest, forest-steppe, steppe, and desert, occasion- 
ally even penetrating into the mountains However, as re- 
gards conditions for the maintenance of natural foci of the 
disease, the different zones are not equivalent Optimum 
environments exist in the forest steppe, steppe, and partly, 
hardwoods, as well as river floodlands and deltas, lahe 
shores and swamps Within a zone, the foci are associated 
with definite habitats or biotopes 

At the outset of investigations on a natural focus of 
tularemia a clear idea should be obtained of the topograph- 
1¢ features of the harbouring area An essential requisite 
1S a map Of the locality, preferably with a scale of 1 200 000 
or 1 500,000 With the latter’s help, a survey of the area 
1s made, taking special note of local geomorphology and 
hydrography, the character and distribution of vegetation, 
etc Depending on the varieties of habitats (meadows, 
fields, woods, etc ) the area 1s divided into sections, these 
data being used for planning all further work in the focus 
Likewise, a brief geobotanical description of each habitat 
15 to be furmshed 

At the nearest meteorological outpost, data are obtained, 
imtually, on local climatic features, monthly meteorological 
reports being received in the course of subsequent work 
Terrain characteristics should hikewise include data on 
local animal species These, however, being restricted to 
the mits required for analysis of the focus by the methods 
given below 
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Teriology 


In the US SR, spontaneous tularemia infection has been 
revealed in 54 species of wild vertebrates including 32 ro- 
dents, 5 insectivores, 6 carnivores, 8 birds, 2 amphibians 
and 1 fish Besides that, tularemia has been recorded in 9 
species of domestic animals (Table 1) 

However, different species of animals show varying sus 
ceptibility and sensitivity to tularemia infection, their 1m- 
portance in the circulatton of the pathogen in nature differ- 
ing accordingly By the degree of their susceptibility and 
sensitivity to tularemta, modern authors divide vertebrates 
into three groups (N G Olsufyey and T N Dunayeva) 
The maintenance of natural foci of tularemia 1s restricted 
to a few widespread species of highly sensitive mammals 
(group I), eg, common voles, water rats, hares, domestic 
mice, hamsters, shrews, etc For these tularemia presents 
a severe septic infection, of which they usually die within 
5 to 12 days after contagion The organs and tissues (in- 
cluding the blood) of diseased and dead animals contain 
an enormous quantity of tularemic bacteria, which are re 
sponsible for the primary importance of these animals as 
sources of infection Some species of rodents and insecti 
vores, e g, susliks, marmots, grey and black rats, field mice, 
hedgehogs, etc, are low-sensitive to tularemia On receiv- 
ing infection, they usually fall s[!, yet their importance as 
sources of infection 1s limited (group JI) 

Finally, in such animals as cats, foxes, polecats and 
others, even on receipt of massive doses of the pathogen, 
the disease may proceed without visible clinical manifesta- 
tions, whereas small doses are of no effect whatever (group 
IN) The importance of such animals as sources of infec- 
tion is null 

For ungulates as well as birds and cold blooded verte- 
brates, the tularemia microbe is low pathogenic However, 
the importance of some of the aforesaid as sources of tula- 
remia infection ts not clear and requires further investiga- 
tion 
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Table 2 
Vertebrate Neservores of Tuliremia in the USS Rt 
5 eee 
| Auttore Place of discovery Method 


stecies Your 








t CLASS MAMMALIN 
Orde Rodentia 


tam Leperidae 
White hare 1931 |] } Berezin hurgin { pldemlologic ob 


I til tua I sers tions 
ree (1977) |S P harps, NOE An | Western Stheria Isolation of culture 
tonov (sco S IP Kar 
ov and Vo Mo Popov, 


950) 
Brown hare 1935 |S N Ruchkovshy ct coll | Ukraine {prdemrologie ob 
Lepis europaeus Pall Serv itlons. 
(1940) | V i on artanoy et} Stavropol territory | Isolation of culture 
co 
Tolal hare (1948) |W oF Ralichova et coll | Jambul region Aa | Dillo 
Lepus tolat Ml zkh SSR 
Rabbit 1935 |S Y hreutzer, Restov region Ditto 
Oryctolagus cunteul 3 U NRK. Grzhchina and 


TS Wvaishnina 
Pim Seluridae 


Squirrnd 19.0 |B V_ \oshresensky Moscow region Ditto 
Scturay culgarts [ 

Smalls shk (1920) | PK Grishina (seo West Razwkhstan | Ditto 
Cltrilus pygmaeus Pall DN Golov and region 


Nf Tlov, 1974) 


GISI—S1 


le 


Tong tuled suslilc (1944) 
Cilellus undulatus Pall 

Chipmunk 1938 
Lutamtas sibiricus 1axm 


Tam Afurinae 


Waiter rat (1926) 
aAnitcola lerrestris 1 


A 
s 


s 


A Seleznyova, 1919 
P Karpov 


V Suvorov, 
\ A Wolfertz, 
M_ M_Voronkova, 1928 


1928 |}D A Golov ct coll 

Common vole (1936) |D A Golov (sco 
Mierotus arralis Pall NG Olsufyev 1941) 

Ungur volo (1941) | T G Linnik, 1997 
Vlcrotus mazimortezt Schrenk 

Marrow skulled vole 194f |S P harpov et coll 
Mlcrotus gregalts Pall 

Root volo 1911 |S P harpov et coll 
Microtus oeconomus Pall 

Steppe lemming 193% |A L hazantseva and 
Lagurus lagurus Pall V_ 1. Gorokhov 

Musk rat (1939) |A F Komarova, 1915 
Ondatra =thethtca I 

Bank volo 1946 |G P Siwm 
Clethrionomys glareotus Schreb 

Luropean pine vole 1949 |M A  Miroshnichenko 


Pitymys majort Thom 





1 Disputablo data not Irsted 
4 Figures without brackets denoto 
Nertlonywas considerably belated 


and P D Golubev 


Gorno Altask 
region 
Western Siberia 


Astrakhan region 


West = avakhstan 
hear "Alma Ata 
Transbaikaha 
Novosibirsk region 
Ditto 

Volgograd region 
Novosibirsk region 
Moscow region 


Stavropol territory 





Ditto 
Ditto 


Cpidemotogic ob 
Sorvations 


Isolation of culture 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


year of publication figures in brackets—ycar of discovery, 2f pub 


NE 


(Continued) 


NED, 


Species 








Plice 





Northern mote vole 
Lulobius talptnus Pall 
Domestic mouse 
Vas auccutas 1 
Torest_ mouse 
Apodemus slratheus 


Yellow uccked mouse 

Apodemus jlaricollts Melch 
Treld mouso 

Apodemus agrarius Pall 
Harvest mouse 

Wleromys minutus Pall 
Grey rat 

Pattus norvegicus Berk 
Blick rat 

Rattus rattus L 
Cominon himeter 

Cricetus cricetus 1 
Golden hamster 

Mesocricetus raddet Neher 
Grey hamster 

Cricetulus migratortus Pall 
Tamarisk gerbil 

Werlones tamariscinus Pal) 
Midday rerbil 

Mertenes n erfitanur Pall 


Year Authors of discovery Method 
1957 [P Mo hucherov ct a! Western hazakh | Isolation of culture 
stan region 
1934 |V A Berdnikov Volgograd region | By passige through 
Ruiner Megs 
1946 |G P Slavin Moscow region Isolation of culture 
1957 | V P Borodin ct al Volgograd region | Ditto 
(1940) |V iy one: Vartanov et] Stavropol territory | Ditto 
al, 1942 
1940 |B V_ Voshresensky Moscow region Ditto 
1939 |P V Somov Rostos resion Ditto 
1955 |} A Myasnikoy Tula region Ditto 
1929 }G ¥ Zarkn Tyumen region Ditto 
1954 [MG Yakoviev ct al Rostov region Ditto 
(1940) | V ic aan Virtanov et {Stavropol territory | Ditto 
al, 
(1944) |P TL Kalachova et al, | Jambul region, Ka Ditto 
1957 aikh SSI 
1957 | \f P Kucheroy ct al West Kazakhstan} Ditto 


region 


Le 


Fam, Dipodidae 


Grex jebroa 
Allactaga faculus Pall 
Northern birch mouse 
Stetsta betulina Palt 
Southern birch mouse 
Shetsta subitlis Pall 


Fam, Tal pidae 

Molo 

Talpa europaea L, 
Common shrew 

Sorex arancus L 
Small shrew 

Sorez minutus L 
Lesser white toothed shrew 

Crocidura suareolens Pall 
Water shrew 

Neomys fodtens Schreb 


ry, ) H 
‘ulpes vul L 
wot NP 


Cants lupus L 


Dog 
Cants famitlarts L 
Polecat 


Putorlus putorius 1, 


1955 | V 
1955 |V 
1955 | V 


P Romanova et al 
P Romanova et al 


P Romanova et al 


Order Jnsectivora 


19410 |B V_ Voskresensky 
1940 |B V_ \oshresensky 
1946 |G P Slavin 
1950 [Z 


1940 


A_V_ Feshchcnko 
B V_ Voskresensky 


Order Carnivora 
1956 ;A A Zaltsey 


(1940) Ni A Ter Vartanov ct 


(1940) |v yi He Vartanov ct al 


1940 |B V_ Voshresensky 


MN Protopopova and 


Rostoy region 
Rostov region 
Rostov region 


Moscow region 
Ditto 
Ditto 
Ditto 
Ditto 


Stavropol territory 
Ditto 


Ditto 


Moscow region 


Isolation of culture 
Ditto 
Ditto 


Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Ditto 
Ditto 


Ditto 
Ditto 


8to 


Species 


Authors 


Place of 
discovery 


(Continued) 


i ee 


| Year | 


Method 





Wersel 

Mustela ntralts 1 
Sable 

Martes zibellina } 
Mink 

Mustela ttson Schreh 
Domestic cat 

fells catus 1 


Horse 


Cattlo 
Sheep 


Swino 


Caml 


Men 


ite 
Mit us horsehin ( mel 


1940 |B \ Voskresenshy 


1956 | C a hositsyna and 


1 Popov 


a 
1956 w F Schmuter and 


Ss 
1940 |G 


Abramova 
¥ Sina 


Moscow region 
Western Siberia 
Uhriino 


Not noted 


Orders Perissodactyla ind Artiodactyla 
(1938) | N By Uzunoy (sco 


Voshresenshy, 
140) 


19. The samo 
Ce hk A Dorofeyev and 


(1938) 


1934 


\_ 1 Gorakhoy 
N_N_Uzunov (sce 
BV. Voskresensky, 


4940) 
D \ Coloy et a 


IECLASS AS ES 


(1940) [VN Tor Vartanay ct 
al, 19: 
(1940) | Tho same 


Moscow region 


Ditto 

Volgograd region 

Moscow region 

West Kazakhstan 
region 

Stavropol territory 

Dilto 


Tsolation of culture 
Ditto 
Ditto 
Ditto 


Agglutination test 
Ditto 
Ditto 
Ditto 


Isolation of culture 


Isolation of culturo 
Ditlo 


622 


Piseon 

Columba sp 
Capercaillie 

Tetrao urogallus 1 
Moor hen 

Gallinula chloropus 1 
Corncrako 

Crez crex L 
Torn 

Sterna hirundo L 
Quail 

Coturntx coturntz 1 
Black headed gull 

Larus ridtbundus L 


Liko frog 
Rana ridibunda 


‘01 
Bufo virtdis 


Totch 
ANemachllus dorsalts 


(1940) 
1937 


19.0 





Tho samo 

1 G Rubanova 
} G Rubanova 
1 1 Kleiman aud 


N I Igollan 
The same 


Tho same 


G P Slavin 


IIL CLASS AMPHIDIA 
M 4 Miroshnichenho 


and P D Golubev 
Tho sime 


tv CLASS PISCES 


| VP. Bozbenko 


Ditto 
Byelorussia 
Byclorussia 
Western Siberia 
Ditto 

Ditto 


Moscow region 


Stavropol region 


Ditto 


South Tastern Aha 


zahbstan 


Isolation of culture 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Ditto 
Ditto 


Ditto 


In natural foci of tularemia, sheep, cattle, swine and 
other domestic animals may contract the disease, which 
however, assumes a mild course (mostly Jatent), whence 
they cannot maintain the circulation of the pathogen in 
natural foc: Indirectly, however, they encourage it by 
serving as hosts for mature ticks, vectors of tularemia 

In the light of modern knowledge on the importance of 
different vertebrate species in the circulation of the tula 
Temia pathogen in foci, investigations in the Istter 
should primarily be concentrated on the study of rodents 
and insectivores The studtes should reveal the specific 
assortment of the local fauna, listing each species and {ts 
percentage in the total animal population, and should estab 
fish the qualitative and quantitative distinctions tn the pop 
ulation dynamics of the most widespread forms (amphi 
tude and timing of variations, etc ) Specific assortment and 
population data are collected seprrately for all the differ- 
ent habitats comprising the area under survey 

Special emphasis in the studies should be laid on mass 
spread species of rodents and insectivores highly sensitive 
to tularemia (group I) The animals are captured by snares 
spring traps, cage traps, etc, set out in rows of 25 and 
more in the respective habitats (Fig 26) The population 1s 
estimated by the percentage of captures per night Espe 
cially effective means of capturing small animals are ditches 
(Fig 27) furmshed with metal cylinders from which the 
animals cannot escape 

Investigations on the population and distribution of ant 
mals in their principal habitats are conducted two or three 
times during the snowless season, providing the data for 
estmating mumencal Aucteatrons in the animal popula 
tion In regard to certain species of rodents, eg, common 
voles, these data may be obtained by counting burrows, 
determining (by excavation) the percentage of burrows in 
habited by rodents In winter, the population of Mundac 
may be assayed by overhauling hayricks (Fig 28) and 
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Fg 26 Water rat caught in spring trap (N G Olsufyev) 
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Tig 27 Trap pts for rodents and insectivores (N G Olsufyev) 
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Fig 28 Winter overhaul of strawstack for collection of rodents 
(N G Olsufyev) 





Fig 29 Rodent autopsy tn laboratory 


chaffheaps 1n the fields, calculating the number of animals 
caught per cu m of substratum 

The obtained animals are subjected to autopsy and bac- 
teriological study (Fig 29), noting the age and germinant 
state of the specimens, the number of embryos in females, 
etc These studies are augmented by various other eco 
logic observations 

Carefully collected for a number of years, such informa- 
tion on the specific assortment, distribution and population 
dynamics of small mammals 1s highly important for draw 
ing epizootologic conclusions The data are plotted on 
maps, graphs, etc On the basis of collected materials, the 
area 1s divided into districts, noting the localities identical 
as to the dynamics of background species, drawing up 
draft forecasts on the expected population rates of epi- 
demuologically hazardous rodent species, etc 


Parasitology 


In rodents and other mammals, tularemia is mostly 
transmitted by blood sucking arthropods, in particular, 
ticks, lice, mosquitoes, and, to a smaller degree, fleas Of 
greatest smportance as pathogen vectors are Ixodidae, and, 
to some extent, Gamasidae, in whose bodies the pathogen 
can reproduce and survive for long periods Due to that, 
ticks act as the principal reservoirs of tularemia in the 
natural foci of this disease In the USSR, spontaneous 
tularemic infection has been revealed in 45 species of 
blood sucking arthropods, including 14 Ixodidae, and 6 
Gamasidae, as well as 6 species of fleas, 10 mosquitoes, 
5 Tabandae, etc (Table 2) Besides that, the tularemia 
pathogen has been discovered in 13 species of non sangui 
vorous invertebrates (Trichoptera, Crustacea, Mollusca, 
etc), or socalled hydrobionts, in which spontaneous in 
fection 1s usually associated with water contaminated by 
tularemia afflicted rodents 
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Invertebrites Revcating Spontancous Iafcction wath tbe Tularemia Pathogint 


_-_eeeee.e..k ee 











Speeiea Tablas Authors ahesvery | dato 
pg I a Dt hg et es, 
1 ARTHROPODA 
A Arachnida 

1 Ixodidao 
trodes apro orhorus P Sch 1934 DA Golov Near Alina Ata] Tarsao and females 
falen from discased 
water rats 
trofes rletnis 1 1943 NG Olsufyev Moscow region ature ticks from 
eattlo 
Jrodes persuleatus P Sch 1944 SP harpoy and Western Sibe Maturo tieds from 
V_ M_~ Popov mt domestic animals 
Trodes lagurt Olen 1949 VP Romanova and | Nostov region 
KE Krivonosos (sco Kri 
vonosov 1919) 
Der racentor marginatus $934 DA Goloy? Near Alina Ata} Nymphs from water 
Sulz rats aon! common voles 
Derrvace tor pletus Worm 1940 N_ G_ Olsufyev and Moscow region Maturo ticks from 
MV Afanaayev (sea OF mstures ant agricul 
sufyer 1940) tural animals 
Dermacentor stiarim Olen 1945 S P_ Karpov ani Western Sibe Mature ticks from 
VM. Popov ta cattlo 
Dermacentor nuttatti Olen 1937 TY Olkbovik AN | Transhilhalio Mature ticks from 


[aontyes anil 1 Shyed domestic ansmats 
Su 


$66 


Haemaphysatis punctata Cao 
et Fanz 


Haemaphysalis otophila P 
Sch 

Haemaphysalls conctnna C L 
Koch 


Ablpleephatus rossicus Yak 
eK 


Rhtptcephalus pumtlio Pom 


Hyatomma plumbeum Panz 


2 Camasidae 


Haemolarlaps glasgout 
Twing 


Laclaps muris Lyung 


2 « pisputable statements not listed 








1953 


1955 


195 


1951 


Y F Shatasand NY Bi 
strova. 


VG Petrov and 
L A_ Pshenichnaya pone 
VV Kucheruk VG Pi 
rov et al 1955) 


NG Olsufyeyv VG Pet 
rov and VV kuche 
ruk 1959 


+ V Shatas and 
N Y Bistrova 


NF Kalachova 
P 1 Kamnev and A | 
Luky anova 
VG_Pilipenio 
K 1 Derevyanchenko 


aud 





f oN Nelzina and 
{ P Barkov 


The samo 


\ Golov erroncously calla it D  stharum 


Volgograd re 
gron 


Stavropol re 
gion 


Alta territory 


Volgogrid re 
gion 


Jambul region 


Astrikhan re 
gion 


Rostov region 


Tho samo 


Maturo ticks from 
pastures and cattlo 


Maturo tichs from 
pastures 


Mature ticks from 
pastures 


Mature tichs from 
eattle hedgehogs 
hamsters and water 
rats 


Ticks from bares 
tamarisk gerbil dog 
and calf 


Nymphs from bares 


9 


Species | 





Mixture Jypoaspis sp 
HMacmo'aelaps nidt Lulae 
laps stabularis 

Macrolaclaps raulttsplnosus 
Banks 


1 Bugs 
Clmez tectulartus 1, 

2 Tico 
Hoplopleura sp 

4 Ficas 
Ctenophthilmus asciinths 


‘acch 


eherer hthalmus acumtnatus 
Jolt ct Arg 





hE Ketvonosov (seo Kri- 
vonosoy, 1949) 


(Continued) 


\car of Place of 

vuptica Authors discovery | Noto 

a 

1940 N G Olsufyev Moscow region J rom nest with fresh 
tularemia killed car- 
cass of common volo 

1907 TG Linmh TransInikalia licks from musk 
rats 

B. Insecta 
1140 GY Sina Not andicrtted 
1952 11 Novikova Astrikhan re From water rat 
gion 

1940 NG Olsufyey Moscow region Jrom nest wath re- 
mains of common 
yous on aret of tue 

epi: 
1949 V FP Romanova OTe end he 


Nostov mgion From goldin hamster 


Lee 


Cter ophthalmus pollez Wagn 
et Joff 


Ceratophyllus consimills 
Wagon 


Ceratophyllus calcart fer Wagn 


Ceratophyllus pentelliger Gr 


4 Diptera 
(1) Mosquitoes 


Aedes terans Mg 


Ades cinereus \ig 


A des exericlars Will 





193+ 


1913 


1901 


196 


1991 


1913 


1913 





AA Wolferts SA Kol 
pahova and A i Iie 
gontova 


- N Ter Vartanov ct 
al 


OF Pauler Y G Shvo 
tsov and | P  Pota 
pova 


VM Popov ind OO K 
Kupressova (seo VM 
Popov wand NV { Igolkin 
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Surveys of tularemic foci should include evaluation of 
the specific nomenclature and population of the most wide 
spread groups of blood sucking arthropods, including the 
ectoparasites of wild rodents and Insectivora (ticks, fleas, 
lice) as well as freely existing forms attacking rodents and 
Man (mosquitoes, horse flies, certain species of ticks and 
mites, etc) Ticks, fleas and lice are collected when in 
specting animals and their nests To prevent the escape of 
ectoparasites, immediately on capture, the animals are 
placed into cotton bags, firmly tying them with string 

Blook sucking Diptera and Ixodidae are collected in the 
habitats of predomimant concentration of mass spread 
species of rodents highly sensitive to tularemia (group 1), 
which 1s effected either by catching them free, or by collec 
tion from domestic animals Puiority 1s given to the study 
of Ixodidae whose larval and nymphal stages parasitise 
rodents and insectivores and blood sucking Diptera (horse 
fles and mosquitoes) as being the most important vectors 
of tularemia 

Ectoparasite population counts are conducted on animals 
and in burrows with all possible regularity, immediately 
on the receipt of material from the zoologist Population 
counts concerned with mature Ixodidae parasitising do 
mestic animals are conducted once weekly, from the appear 
ance of the first ticks until their total disappearance Com 
monly, the ticks appear on cattle in spring, in the first week 
after the beginning of pasturing Collection on pastures 1s 
conducted by means of flags and accomplished as a one- 
stage operation, with the utmost expediency The season 
for collection 1s spring, the tick period of activity in na- 
ture Counts of blood sucking Diptera are made once in a 
decade throughout the warm season Mosquitoes are caught 
with conventional entomological nets, which are waved 
around the observer, the number of insects caught per one 
hundred strokes being taken as a unit 

Horse flies should be captured beside a horse or bullock 
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the counting umt being the number of insects caught per 
20 minutes 

The collected blood sucking arthropads are subjected to 
bacteriological study, leaving part of the specimens for 
sample displays, for which ticks, fleas and lice are placed 
an 70° alcohol, mosquitoes and sandfMies are stuch on pins, 
etc 

The annual fluctuations in the parasite population are 
confronted with those of their hosts, weather chinges, etc 


Epizootology 


In tularemia, as in the plague and certain other diseases 
with natural focr, the motive power of the ep:zoatic proc- 
ess are the population level and mobility of the rodents 
sensitive to the given disease and the arthropod vectors 
responsible for maintaining contact between the animals at 
the rate necessary for the development of the epizootic 
This process takes place tn concrete environments by which 
it 38 directly or indirectly influenced (Table 2) 

Widespread epizootics of tularemia are observed among 
rodents only when the fatter s population 1s sufficiently 
high the higher the population, the greater the scope of the 
epizootic In years when the rodent population is low, the 
disease occurs only sporadically, or for some time may 
even completely disappear from the rodent population, 
surviving in ticks 

The spreid of tularemia over an area is marhed by fluc 
tuations connected with the seasonal and perennial changes 
of the rodent population In various types of foci, the s¢1 
sonal incidence and scope of epizootics may vary, depend 
ing, firstly, on the ecologic peculiarities of the local miss 
spread rodent species highly sensitive to tularemia 
(group 1), and, secondly, upon the routes of transmission 

Investigations on the epizootologic features of a natural 
focus should envisage the following (1) organisation of ex- 
peditions to locate the epizootic, (2) bacteriological study 
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of small mammals, blood sucking arthropods and samples of 
environmental objects obtained in the focal area under sur- 
vey, (3) determination of the virulence and other properties 
of tularemia strains 1solated in the focus, (4) experimental 
assays of the susceptibility and infectional sensitivity to 
tularemia of the wild vertebrates most common in the 
focus, (5) experimental evaluation of the ability of local 
blood sucking Diptera suspected as vectors to transmit and 
maintain the pathogen, (6) experimental research on other 
routes of transmission 

Detection of epizootics Sample collections intended for 
revealing epizootics of tularemia are made in a focus dur- 
ing planned teriologic and parasttologic surveys (see above) 
or specially organised campaigns The procedures employed 
are as follows 

(a) Capture of animals and collection of carcasses in 
localities with the highest ammal populations at the dates 
most favourable for the development of epizootics, eg, 
for water rats—in spring and summer during floods, for 
mice and voles—in autumn, winter, and early in spring 
when they concentrate in hayricks and stacks, for rodents 
of many other species (voles, water rats, harvesters, etc ) 
—in July August at the time of mass infestment with 1xo 
did ticks, etc 

(b) Collection of adult Ixodidae from pastures or cattle 
in areas with high populations of the rodents most sensi- 
tive to tularemia (group I) 

(c) Collection of mosquitoes, horse fles and other blood 
sucking Diptera on the sites of suspected epizootics 

(d) Regular obtainment of water-samples from sources 
arousing suspicions as to the presence of the tularemia 
pathogen 

(e) Coffection of rodent nests, sampie surveys of straw, 
chaff, etc, from stacks and ricks in winter time hable to 
harbour epizootics of tularemia among rodents 

An important indication of the presence of a tularemia 
epizootic among rodents are reports on the discovery of 
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mouse Carcasses while threshing or transporting hay, testi 
monies of a murrain among water rats, musk rats, hares 
and other gime rodents, recemed from the population, 
hunters, pelt depot personnel, and reported cases of tula- 
remia among people 

When conducting special purpose surveys for the dis- 
covery of infection, the methods of capturing wild animals 
for bacteriological study should be as varied 1s possible 
to include, besides tripping and shooting (eg, of hares), 
excavation of burrows, ditch snaring, flooding, and over 
haul of stacks and ricks Captured animals belonging to the 
gtoup most sensitive to tularemia, such as water rats or 
voles, are preferably delivered alive for 15 day laboratory 
observations, which increases the yield of positive results 
Likewise essenttal are special searches for wild animal 
carcasses involving thorough examination of the terrain or 
overhiuled ricks and stachs 

Systematic ep:zootological surveys of the focal are? offer 
an idea of the regularities governing the circulation of the 
pathogen therein, which 1s important for epizootological 
prognosis, as well as preventive measures Prompt detec- 
tion of tularemia epizootics among rodents 1s vital for adopt- 
ing urgent anti epidemic measures among the population 

Bactertological study The tularemia pathogen 1s referred 
to microorganisms of the first group, due to which its 
isolation and identification may be effected only on spe- 
cially equipped laboratory premises affiliated to the de- 
partments of high hazard diseases at regional (territorial) 
sanitary and epidemiological stations, ant: pligue strtions 
and research institutes, or in adequately fitted field Jibo 
yatories hy specially qualified personnel Delivery of the 
material (rodents, blood sucking arthropods etc) for lab 
oratory bacteriological study 1s effected with all preci 
tions stipulated for work with high hazard diseases Sero 
logic studies for tularemia may be conducted in any diag 
nostic laboratory 

Investigations for tularemia infection sn vertebrates 
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blood-sucking arthropods or environmental objects are 
conducted mainly with the use of bacteriological methods 
such as inoculatton into live animals, culturing and bac- 
terioscopy Immunological techniques include precipita- 
tion tests, agglutination or allergy tests being comparative- 
ly seldom used for investigations on wild animals (espe 
cially rodents) 


When conducting tests for tularemia, the possibility of 
revealing other rodent diseases like erysipeloid, listerel- 
losis, pseudotuberculosis, salmonellosis, etc, should also 
be accounted for Isolation of the respective pathogens may 
be effected dumng bacteriological studies for tularemia 

Bacterioscopy Owing to the minute dimensions of the 
tularemia microbe (03 to 05 ), 1t may be detected with 
certainty only at abundant microbial seeding of the mate 
tial under study Bacterioscopy may be used in studying 
the organs and tissues of dead wild or laboratory animals, 
but in freshly-killed specimens it generally proves useless 
It 1s hkewise inapplicable for water, straw washings etc 

Smears are stained by the Romanowsky Giems1 method, 
which 1s best for the purpose, or by the Gram technique 
On stained organic preparations, the tularemia microbe 
appears as extremely minute cocci or cocco bacteria The 
organism evinces a marked tendency to clumping In ani- 
mals of the first group (voles, water rats, domestic mice, 
etc) dying after tularemia, bacterioscopy of smears from 
the spleen, liver, blood, etc, reveal enormous concentra- 
tions of the microbe The tularemia pathogen 1s Gram- 
negative, 1e, stains pink, the Romanowsky Gremsa stain 
producing a deep violet In tissue staining, tularemia mi- 
crobes do not stain bipolarly, which distinguishes them 
from Pasteurella 

The amount of tutaremic bactena revealed in organee 
smear prints and blood smears, 1s recorded by the follow- 
ing scale (D A Golov and N G Olsufyev) continuous col- 
onies or numerous large groups of bacteria at each view— 
IV points, numerous medium- and small sized groups at 
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Fig 30 Tularemic bacteria tn blood of water rat killed by discase 
in nature Amount of bacteria—up to III points (by scale described 
in the text) (V. V. Kucheruk) 


each view—III points; solitary bacteria and smal{ groups at 
each view—lII points; solitary specimens and small groups 
at some views—lI point. 

By use of bacterioscopy (combined with precipitation) 
positive results may be obtained in as soon as two or three 
hours pending receipt. The obtained data, however, are 
merely preliminary, since positive bacterioscopic findings 
and precipitation tests must be checked by Isolating the 
respective cultures. 

Culturing. This method is chiefly used for isolating tula- 
remia cultures from the organs of received dead wild 
animals, as well as laboratory specimens either dead or 
killed after live-test experiments. The material used are 
portions of the spleen, liver, hypertrophic lymphatic nodes, 
or blood. For Ixodidae this method is less fru:tful owing to 
frequent contamination of the cultures with alien bacteria. 
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It 1s inadvisable to employ culturing for wild ammals 
caught alive and revealing no marked pathological changes 
at autopsy The organs of such animals are subject only 
to biological study Water, soil, food washings, etc, are 
not tested by culturing due to contamination with alien 
bacteria, inhibiting the growth of the tularemia patho 
gen which 1s a rather exacting microbe when cultured on 
artificial media Thus, for example, it refuses to grow on 
conventional meat peptone agar or broth The microbe may 
be cultivated on yolk media, while in agars it will repro- 
duce only with addition of cystine and other nutrients, 
especially blood Such fastidiousness towards culture me 
dia 1s perhaps explained by limited choice or specialisa 
tion of ferments, due to which a number of substances, par- 
ticularly amino acids (cystine) are utilised by the microbe 
only in “prepared” form 

The optimum growth temperature is 36° to 37°C The 
microbe 1s a strict aerobe Cultures are mostly obtained 
on curdled yolk media prepared after McCoy out of chicken 
egg yolks (60 per cent) and saline (40 per cent), which 
are poured into test tubes and curdled during an hour 
at 80°C At profuse inoculation, tularemic bacterial 
growths in such media appear as thin continuous, shin- 
ing efflorescences already after 18 to 24 hours of incuba- 
tion in a thermostat at 37°C, and in 2 or 3 days reach 
maximum 

When inoculated sparely, :solated colonies become notice- 
able after 3 to 5 days and more Curdled yolk media are 
used not only for culturing tularemia microbes from ani- 
mal organs but also in maintaining microbe cultures for 
museum and routine laboratory purposes, the microbes in 
such media being less apt to dissociate Reculturing 1s 
carried out every one and a half months, stonng the cul 
tures on ice M S Drozhevkina (1945) proposed a liquid 
yolk medium (10 per cent yolk and 90 per cent sterile sa- 
line) for culturing tularenua microbes As regards sensi 
tivity, the aforesaid reveals no advantage over a properly 
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Prepared McCoy medium, due to the former s intranspar 
ency, the presence of bacteria may only be detected by 
reinoculation into the latter (fT N Dunayeva and O S 
Emelyanova) 

Nor have blood media any advantage over curdled, yolk 
When culturing pieces of visceral tissue, especially by 
the so called print method, solitary bacteria will survive 
in yolk media as well 

When receiving fresh rodent carcasses (e g, in winter), 
Francisetia cultures may be obtained tn yolk media on the 
very next day 

Identification 1s made on the basis of a combination of 
the following indices (1) morphology and staining of bic- 
teria in smears (2) features of growth on curdled yolk 
media, (3) absence of growth on peptone agar and broth 
(4) agglutination by specific serum up to own titre or up 
to half of the latter s, (5) pathogenicity for laboratory ani- 
mals (ability of the culture on test to cause death of white 
mice or guinea pigs on injection with organic changes typ! 
cal of tularemia and subsequent isolation of pure cultures) 

Isolation of the culture (following identification) fur 
nishes data for the final conclusion 

In vivo tests are the most sensitive and reliable method 
of detecting tularemia in any material to be tested The 
test may be applied to the organs of dead or killed wild 
mammals, blood sucking arthropods water, washings from 
various substrata, etc The subjects are white mice and 
guinea pigs into which the material (suspended in saline) 
1s sntroduced subcutaneously or intraperitoneally The in 
fection 1s lethal even when the suspension contains only 
solitary Francisella Bacterioscopy of blood and organic 
smears from the dead auce reveals enormaus quantities 
of the pathogen (up to III or 1V paints), whereas guinea 
pigs may prove negative Tularemic cultures from the 
spleen, lymphatic nodes, etc, of animats dying after the 
disease, especially white mice, are readily cultured on me 
dia If the latter fails, the test 1s repeated ona white mouse, 
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injecting a suspension from the spleen of the dead ani- 
mal Isolated cultures are identified by the indices al- 
ready mentioned 

Precipitation Generally used for animals dying of tu 
laremia The procedure 1s similar to Ascoli’s, a high (1 6,000 
to 1 8,000) titre agglutinative tularemia serum being used 
The crushed liver or spleen are suspended 1n saline, boiled 
for 15 to 20 minutes on a waterbath, filtered through as 
bestos wool, and, after adding serum, subjected to precip- 
itation Positive results are usually obtained with organs 
microscopically revealing large amounts of bacteria Hence, 
negative precipitation results do not prove the total ab 
sence of Francisella in the material tested A positive reac- 
tion must be confirmed by isolating tularemia pathogens 
from inoculated cultures and bacterioscopy In some cases 
the reaction may be non specific 

Agglutination In various species of animals, as also in 
man, the disease leads to the development in the blood of 
antibodies specific for F tularensts These antibodies may 
be revealed by agglutination 

Generally, the serum agglutination titres for wild am 
mals recovering from tularemia are not high, eg, 1 10 to 
1 20, seldom 1 80 and more in grey rats, 1 20 to 1 80 and 
more (up to 1 400) in sushks, 110 to 1 40 in hedgehogs, 
and even 15, as in the field mouse After two to three 
months the amount of agglutinines falls so drastically that 
they may not be detected 

To obtain the serum required for the test, wild animals 
are delivered to the laboratory alive, taking their blood 
from the heart under ether anaesthesia or during autopsy 
The test 1s staged only on large specimens of species in 
which tularemia 1s commonly benign (groups II and III), 
eg, susiks, domestic rats, hedgehogs, cats, foxes, ete 
Agglutination 1s done by volume, the initial dilution being 
15 The antigen used 1s the tularemia diagnosticum or 
a live virulent culture of the bacteria (preferably the lat- 
ter) Prior to mixing the antigen with the diluted scrum, 
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the former 1s diluted to a concentration of 1,000 million 
microbe cells per ml, the subsequent procedure being as 
usual The results are considered positive if in one or sev- 
eral of the serum dilutions agglutination 1s followed by 
total or almost total clarification and the appearance of 
a dense sediment (agglutinane) which on shaking decom- 
Poses into large flakes (Vi agglutination) If none of the 
dilutions produce clear agglutination (four or three plus) 
the result should be regarded as doubtful 

Allergy tests Wald animals delivered to the laboratory 
alive may be tested for tularemia by their allergic reac- 
tion This diagnostic method 1s practicable chiefly for rela- 
tively Jarge animals, eg, sushks, marmots, etc, but inad- 
visible for Muridae 

Tests are effected with tularin containing 1,000 million 
microbe cells per ml, 2e, ten times more than the usual 
preparation for subcutaneous injecttons The fur on the 
animal's back or thigh is sheared off, and with a thin nee- 
dle 01 ml! of the antigen 1s introduced strictly subcuta- 
neously The results are evaluated first after 24 hours, and 
finally, after 48 In positive cases, a palpable infiltrate 03 
to 05 cm and more in dia appears at the site of the injec- 
tion The appearance of a smaller infiltrate after 24 hours 
and its complete disappearance towards 48 1s regarded as 
a doubtful reaction 

It should be borne in mind that several days after the 
tularin injection, antibodies against the tularema patho- 
gen appear in the animal's serum Therefore, to reveal an- 
tibodies testifying to natural infection, it 1s neccssiry to 
take the animal's blood prior to the allergy test 

Properties of isolated strains The problem of the tula- 
remic pathogen’s variability in naturaf environments cun- 
stitutes an important aspect of the epizootofogy and epi- 
demuology of this disease Of greatest interest in this re- 
spect 1s the pithogen’s virulence, although the potential 
variability of other praperties should be considered as ell 
To this day, no distinctly different serotypes of T tula 
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rensis have been reported, nor have any serologic distinc 
tions been found between its American and Eurasian va- 
rieties 

The strains of tularemic bacteria isolated from rodents, 
ticks, etc, as well as human patients in natural foc: of 
the USSR, are closely simular in all features, including 
virulence Literary statements have been made on the 1so- 
lation of so called atypical strains of tularemic bactena, 
capable of growing on simple culture media, and morpho- 
logically roughly representing bacilli, etc (P V Somov 
and N N Lange, 1950, et al), which however on later test 
were found to be alien bacteria, mostly saprophytes 

Geographic surveys of tularemic strains occurring in dif- 
ferent points and objects in the USSR _ have been insuf- 
ficient and should be carried further 

The strains obtained should be studied with regard to 
their morphological, tinctorial, cultural, biochemical, anti- 
genic and virulent properties Since the virulence of bac- 
terial strains 1s of primary importance in studying epizoo 
tological and epidemiological regularities, special attention 
should be devoted to its study Virulence should be tested 
not later than a month after isolation, since in maintenance 
(with remoculation) on artificial media, the cultures show 
a tendency towards gradual attenuation 

The strains are tested on laboratory animals Subcuta 
neous injections are employed to estimate the minimum 
complete lethal dose (DCLM), or incomplete lethal doses 
(eg, LD,9) The suspension to be used 1s prepared from a 
two day culture from curdled yolk media The initial suspen- 
sion 1s made for a concentration of 1,000 million per ml, 
comparing it for transparency with the optical standard of 
the USSR State Control Institute, and diluting it further 
by 10, 100, etc, tumes, each tume using a Sresh popetie 

The fullest estimate of a strain’s virulence ts obtained 
in simultaneous tests on animals revealing various resist- 
ance to tularemia white mice and guinea pigs (highly sen- 
sitive animals of group I) white rats and rabbits (group 
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Il—low sensitive) The former should be infected with doses 
of 01-1-10 microbe cells the latter—with 10 100 million 
to 1,000 milhon Five white mice or three other animals 
are taken per dose using adult specimens of normal weight 
With difficulties in obtaining animals, the experiments may 
be staged on white mice, white rats and guinea Pigs, or, 
im extreme cases, on the first two alone Diagnosis of 
tularemia in dead experimental animals should be con- 
firmed by pathologo anatomic study and isolation of the 
initial culture In certain cases it may be confirmed by posi 
tive bacterioscopy of smears 

The susceptibility and infectional sensitivity of verte- 
brates to tularerua has at present been assayed experi 
mentally for 70 representatives of the \ertebrate fauna of 
the USSR, including 54 rodents, 9 insectivores, 6 carni- 
vores, and one species of cold blooded vertebrates Most of 
the investigated rodents (38 spectes) and certain insccti- 
vores (4 species) proved highly susceptible and highly sen 
sitive to tularemia (group 1), while the other rodents (16 
species) and insectivores (S species) are highly suscep 
tible but low sensitive (group II), all the investigited wild 
carnivores (6 species) and the one species of frog put 
to study being low susceptible and practically insensitive 
(group II) (Table 3) 

Of the domestic animals, only two may be referred to 
definite groups the rabbit (group II) and the cat (group 
III) Sheep, apparently, belong to group II, cattle horses 
etc to group IJ This problem, however, requires ad 
ditional research The same characteristics for wild birds 
have not been sufficiently studied, yet the fragmentary 
experimental data avatlable permit to conclude that they 
belong to groups If and HI 

The susceptibility and sensitivity of individual verte 
brate species to the more sirulent Amencan strains, may 
not be the same as to Eurasian struns Thus 15 reparcs 
sensitivity towards American strains the rabbit belongs 
to group] 


Table 8 
A Mammal Spccies Experimentally Neferred to Group I 
(inghly susceptible and bightly sensitive to tularemia) 
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Species Authors and date 
Rodents 
White bare—Lepus tlnudus L N G Olsufyey TN Du- 
Mayeva ct al, 1950 
Brown harec—Lepus europaeus Pall T N_ Dunayeva, 1994 
Mush rat—Ondatra cibething L T N Dunayeya and 
O S Emelyanova, 1950 
Water rat—Ariicola terrestris L G I Zarkh, 1930 


D A _ Golov, 1934 
Common vole—Vicrotus arzalie Pall D A Golov, 1934 


Field yolo—Mterotus agrestis L N.G Olsufyev, T N Du- 
nayeva et al, 1950 
Root sole—AMicrotus oeconomus Pall T Dunayeva, 1954 


Reed vole (Far Fastern)—Microtus| ND Altaryova and 
fortis Bichn T_A Malina, 1949_ 
Narrow skulled vole—AMierotus gregalis | T P Kleitmain, 1955 


Pall 
Short taled vole—Vicrotus soctahs T ON Dunayova and 
Pall N G_ Olsufyev, 1952 
Brandts  ole—Microtus  brandtt | L_ A Smirnova and 
Nadde L V_Vasyubluna, 1934 
slreltaey volo—Alicola — shrelzors | T N Dunayova 


astsch 
Bank vole—Clethriononys glercolus | N G Olsufyex, TN Du- 
‘hreb mayeva ct al, 1950 
Large toothed red bached vole—Cleth {| T N Dunayest 
riono nys rufocanus Sund 
Northern red bached vole—Clethrtono | T N Dunayevi 
mys rutilus Pall 
Steppe lemming—Lagurus lagurus| N G Olsulyex, TN Du- 
Pall nayeva ct al, 1950 
Northern mole vole—Livodius talpinus | N G_ AMilyutin and 
Pall A_B Guz, 1959 
Nornegiin Iemming—Lemmus Jemmus | 1 N Dunayeva 


Domestic mouse—Alus musculus I. | S V Suvorox, A A Wol 
fertz and 4M Voronko 
va, 1928 
Forest. mouse—Arodemus siiraticus L | N G Olsufyev, T N. Du 
nayeva ct a), 19.0 
Yellow necked monse—Apodemts fla- | The same 
tfeallts Melch 
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ee 


Species 


Nuthors and date 





Asian forest mouse—Aroden us spe 
closus Temm 

Harvest mouse—Wieromys 
Pall 

Eommon hamster~Cricelus cricetas 

Ciscaucisian golden hamster— WVeso 
ertcetus radder Nee 

Transcaucasian golden 
Me ocricetus brandt! Nehr 

Striped hams(er—Cricetu‘us bar wensts 


minutus 


hamster— 


Rat hke bamster—Cricetulus triton 
Wanten 


Gres hameter—Cricetulus migratorlus 


striped hairy footed hamster—P/o 
dopus sungorus Pal} 

Russiin mole rat— Spalaz mrerophthal 
mus Gull 

Midday ‘gerbil — Merlones meridlanus 


Mongolian gerbil—Wertones unguicu 
latus \uulne Ldw 

Tamarish gerbil—Werlones 
cinus Pall 

Labs at gerbil— Mertones erythrourus 


tartarts 


Gra 
Northern birch mouse —Sicista betu 


lina Pall 
Common dormouse— Wuseardiaus ave! 


lanarius L 
Altar 
Lavm 


zocor—Wyospalar —myospalar 


Tnseetivora 
Mole -Talpa europaece t 


Common slirew —~Sorer araness 1 


Lesser shrew —Sorer milautu J 


Pyginy shrew —Sorer tsclershi Om 
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T ay Dunayeva and 

G Olsufves, 1951 

n Ne Olsufyes "and 
T N Dunayevact al , 1900 
\G Olsufyey TON Do 

Nayevvet i, 1950 

T N'Dunayeva 195s 


The same 
The same 
Tho same 
The same 
The same 


NG Milyutln and 
A B Guz 19.9 
BON Dunajeva 1954 


N A Orlova 1946 


voY Novkova TON ta 
sina {905 

U_A Mamed Zade and 
S A Bahayeva 1957 

NG Olsufyex, TN Du 
navervret al, 19.0 

The same 


T ON Dunwesr 


NG Olsufvey and 
T N Dunwerr 19.0 
TON Danaea \ G Ol 
sufyey ani £ Mo Tsxet 
hova 1919 
NG Olsufyey and 
TON Dunaseva 1990 
NG Olenfyes ant TN 
Dunryera 19.0 


B Mammal Species Experimentally Referred {0 Group II 
(susceptible but low sensitive to tularemi1) 








Mmmum ta } Be mum 
spec es Teotlve:dose reat "dose | A ‘hors and date 
sells cells) 
Rodents 
Ticld =mouse—Apodemus O11 100 min |B V_ Voshre 
agrartus Pall sensky (190) 
¥ A _Isahov 
andS P kar 
pov (1942) 
Dana 
yeva and N G 
Olsufy ev (1992) 
Blach rat—Retlus rattus | Not estab | 1000 min|jT N- Dunaye 
L lished but va 1956 
below 1 000 
Grey rat — Rattus norte O11 1000 minji A Avcch 
gleus Berk 1950 
Short tailed bandicoot 4 1000 mln |T N Dum 
rat— Nesokla ind a and more yeva 1951 
ra} 

Squierel—Sciurus rulgarts 4 1000 mlo |T N Duna 
L yeva 19>4 
Chipmunh—Lutamias 1 "00 mln |O h_ kupres 
slbtricus Laxm sova and 

F S Sumiro 
hov 1956 
Speckled suslik—Cttellus | Not cst no] 1000 min {N G  Olsufyes 
suslicus Guld less than 100) et coll 1930 
large sishh—Cltellus | \ot estab {Over 10 mIn|T N Duna 
major Pall listed yeva 1904 
Long tailed — suslih—Ct 4 1000 min |N- A Garshy 
tellus undulatus Pall 1944 
Small sushkh—Culellus oil 4000 min |T N_ Dunaye 
pyg taeus Pall vaaonod Lb \ 
Pshemichniya 
(19.3) NUT 
Mahoroy TP 
Makarov1 and 
V G_ Boga 
yeva (1995) 


Yellow — suslih—Citellue 
futcus Licht 


Not estab [Over 10 min|T N= Dunayexa 
listed 


255 


(Continued) 


—_—_—_ 


Spee es 


Mimmum tn 


Mimmam 
complete 


fective doce } pethar dese | Sulbors ant date 


truterobs celts)|ceatencten See) 





Rehet — sushhh—Citelfus 
retictus haschhar 

Thin toed = suslih—Sper 
moplilop ts leptodacty 
lus Ticht 

Beaver—Castor fiber I 


Coy pu—VWyorastor coypus 
Mollina 


Forest dormouse—Dyro 
mys nltedula Pall 


Inseclivora 
Desman—Desmana mos 
chata L 
Water  shrew—Aeco iys 


fodiens Schreb 


Lesser white toothed 
shrew —Crocidura sua 
reolens FAIL 

T uropean luedgehog — 
Frinaceus europaeus | 


Jong-cared = hedgchorz— 
Hembee) iaus auritus 
Gm 


Not estab [Over 10 min]T N Dunayeva 
lished 
re Over 10 min | The same 


Not estab [Over 10min} T \ Dum 
lished be yeva 193 
Tow 1,000 
Not estab |Over 10000/F S  Cherkas 
lished sly A NV 
Mashkov and 
T_ S Sorina 
1951 
4 $Omln JT N Dam 
yeva 194 
110 1,090 min }T =‘ Duna 
yeva 1954 
Not cstab- 21min {T° N- Duna 
lished yevra NOG 
Olsufvex_ and 
POM Tsvet 
hova 1949 
110 Oser 1,000 }N G Olsulses 
and T N 


Dunwveva ft 
10 7090 million] The «ame 
1000 min 


Not estab The same 
lished be 


low _1 000 


C Vertebrates Lxperimentally Wefere-d to Group WT 
(low susceptible and practically snsensitive) 


Species 


Wersel ~ Vustela nivalis 1 


| Authors ant dite 


NG Oleahicy and T ON 
Dunwest 1991 


{Continued ) 


Species | Authora and ¢ate 


Crmine—Afustela erminea L T N Dunayeva 1954 
Polecat—Mustela putorius L NG Olsufyev and 
N_ Dunayeva 195! 
Steppe ,weasel—Afustela eversmanni | T N&Dunayeva, 1994 
Lesson 





Racoon dog—ANyctereutus procionotdes | N G Olsufyev T N Du- 


Gray, nayeva et al 1950 
Fox—Vulpes culpes L The same 
Lake frog—Rana ridibunda Z IyMuravyova 1908 


When studying a natural focus of tularemia, it 1s 1m- 
portant to determine the group of animal species hitherto 
unsubjected to such tests The respective expenments 
should be staged with freshly :solated strains of tularemic 
bactena, and, if possible, on adult animals, providing them 
with adequate maintenance and food 

The objects of the work are (a) to establish the minimum 
complete infective dose (DCIM) and minimum complete 
lethal dose (DCL) for the given species, (b) to determine 
the degree of insemination in the tissues and organs of le- 
thal cases The former values are necessary to estimate the 
susceptibility, and the latter—the :nfectional sensitivity of 
the given species to tularemia 

For animals of group I, these two values coincide, and 
in subcutaneous injection comprise only one microbe cell 
For group JI the DCIM 1s hkewise usually 1 microbe cell, 
whereas the DCLM varies from 10,000 to 1,000 milhon 
cells and more, depending on species Finally, for group 
Ill, the DCIM comprises 100 and more cells, while the 
DCLM in a number of cases 1s practically sndefinable, ex- 
ceeding 10,000 million cells 

The experiments are conducted by the standard (subcu 
taneous) method of infection with a two day-old culture 
from curdled yolk media If the animal ts supposed to be- 
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Jong to Soup I, infection 1s carried out with doses of 1,10 
and 100 cells, taking 3-5 animals per dose Group II ss in 
fected with from I to 1,000 million cells, group !1l~from 
100 to 10,000 millon The doses should be in decimal ra- 
tio (1, 10, 100, 1000 microbe cells, etc) or, at any rate, 
with a shortage of animals, every dose should be 100 times 
its predecessor (1, 100, 10,000, 1,000,000 cells, etc ) 

To find out, roughly, the group relation of the given spe- 
cies allocated for study, 2 or 3 specimens should be in- 
fected with a 10 cell dose Death from this dose indicates 
that the animal probably belongs to group I, survival per- 
mits to refer it to groups UI or III This being accomplished, 
full scale experiments are staged on the already described 
pattern The organs and tissues of dead animals are 
used for smears in which the rate of tularemia seeding 1s 
assessed by the accepted scale of designation (see p 245) 
Organic changes revealed at autopsy are descnbed and 
recorded A definitive proof of death from tularemia 1s ob- 
tained by isolation of the initial culture from the viscera 
In surviving animals, the blood serum is studied 20 to 25 
days after infection by means of the agglutination test (for 
procedure see p 249) Only absolutely clear-cut reactions 
(3 or 4 plus) are considered of diagnostic value The dis- 
covery of tularemia antibodies in the serum, even 1n sts 
lowest dilutions (15 to 110) may be accepted as proof 
of infection The absence of antibodies indicates that the 
animal has not been infected 

Transmission and maintenance of the infection by blood 
sucking arthropods The role of blood sucking arthropods 
as vectors of the tularemia pathogen, has been the object 
of detailed study sn the USSR The number of species 
experimentally shown to be able to transmit or maintain 
the agent, approaches 54 This number includes 8 species 
of Ixodidae, 2 of Argasidae, 9 of Gamasidae, 3 species of 
lice, 9 of fleas, 1 bug, 13 Tabanidae, & mosquitoes and 1 


stable fly (Table 4) 
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Table 4 


Blood Sucking Arthropods of the USSR Lyxypermentally Proved 
ble to Transmit or Maintun the Tularemia Pathogen 























Species BOs aan Authors and date 
Ixodtdas 
Izodes apronophorus P Sch + + |D A Golov 1934 
Ixodes rictnus L + + IN G Olsufyev 1913 
fxodes laguri Olen + + {\ P Bozbenho and 
S F Shevchenho 
Rhtpleephalus rossteus Joh + + [YF Sbatas and 
N\A. Bystrova 1994 
Hagmaphysalts otophila P| + + |\ G Petrov 
&e¢ 
iH aemephyraltr.concinna't Ly + + |\ G Petrov 
oc 
Dermacentor marginatus Sulz | + + {D A Golov and 
\ oN Fyodoroy 1935 
Dermacentor pictus Herm + 4 NG. Olsufyev and 
LN Tolstuklina 1904 
Argasidae 
Ornithodorus lahorensts Neum | -+- | + |L S Yershova 1939 
Ornithodorus papiilipes Bir + JN G Olsulyev 
Gamasidoe 
Leelaps hilarts © L. hoch + IN G Olsufyey 19.0 
(=L_ festinus) 
Taemogamasus nidt Mich + |The same 
dfaemolaelaps sp + |The sume 
\facrolaetaps murs Lyungh + + IN A Grebebina 1939 
(=Laelaps echidninus) 
Haemolaelaps glasgow! Lw + 1 oN _Nelzina and 
{=H mohrae) \ P Romanoya, $9! 
Hlrstionyssus miuscull Jolnst | + + LN Nelzinact coll , 1947 
Hirstlonyssus tsabellinus| ++ + {The same 
Oudms 
Uirstionyssus cricett Sulz + | + |The same 
Orntthonyssus bacott Hirst + { + [Hoptac I 19t 
Lice 
Uoplopleura sp (water rat}; + D A Golov, 122, 
louse 
Hapleneure acantopus Burm | NG Olsufyer, 5 
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Species 
Polyplaz spinulosa Denny 


Fleas 


Ceratophyllus walkeri Roths 


Ceratophyllus fasctatus Bosc 
Geratophyltus penieilliger 
Gru 


Neopsylia setosa \Wagn 


Ctenophthalmus asstmills 
Tasch 

Ctenophthalmus ortentalis 
Waga 


Amphipsylla rosstca Waga 
Leptopsylla segnis Schon 
Xenopsylla cheopts Roths 


Bugs 
Ctmez lectulartus L 


Diptera 
Tobanidae 


Chrysops relictus Mig 
Chrysops caecuttens L. 
Cheysops flatipes Mig 
Tabanus bromtus L 


Tabsnus autumnalis L 
Tabanus solstitialis Schia 
Tabanus turkestanus Sz 
Tabanus erbert Br 
Tabanus peculiaris Sz 
Tabanus flaroguttatus Sz 
Tabsnus pulchellus Le 
Tabanus agrestls Wa 


Chrysozona turkestaniea hrb 





Trans 
mission 





+ 
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+ Fett ttt 
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| Authors and date 


S P harpov ond 
VM. Popov, 1996 


D A_ Golov and 
L Tifloy 1934 

L A Dudolhina, {001 

O N Saronosa, 1993 


D 

N G__Olsufyer and 
LN Tolstuhbina, £91f 

AA Volfurtz and S A 
Rolpakova 19:6 

O N Sazonova, 1933 

L A Dudolhina {94 

The same 


A_ Golos and 
\ I Tifloy, 1934 


\ P Bozhenko, 1936 


\ P Borhenko 19Sf 

The sime 

The same 

NG Olsufyey and 
D A Golov, 1936 

The same 

The same 

The sime 

The «ame 

The same 

The samo 

The same 

N G_ Olsufsey and D A 
Golov, 1910 

The same, 1036 


(Continued) 





‘Teans-| Main- 


Species mission S| Authors and date 











Mosquitoes 


Anopheles maculipennis Mgn.] + + |V._N. Fyedorov and 
F_N Sivolobor, 1935, 
V P Romanova and 
M_1 Damilova, 1939 


Anopheles hyrcanus Pall + + (NG Olsufyev and 
DA. Golov, 1938 

Aides vexans Meo + + |The same 

Aédes casplus Pall + + |The same 

Aedes flarescens Mill + + |The same 

Aédes cinereus Mga + |The same 

Mansonta richard Fic + + {NG Olsufyev ond 
D. A Goloy, 1936 

Culex modestus Fic + |The same 

Stable-Flies F 
Stomoxys colettrans F. + + |P. V Somov ct coll, 1937 


Note The plus sign denotes positive results 


Experiments have demonstrated that the cited groups 
of arthropods vary 1n their ability to transmit and main- 
tain the causative agent of tularemia. 

The specific vectors of tularemia are: Ixodidae and 
certain species of Gamasidae, which are obligate hemato- 
phagi, easily transmitting the infection from diseased to 
‘healthy animals. Ixodid ticks maintain the pathogen 
throughout their metamorphosis—from larvae to the ma- 
ture stage, which is enhanced by the accelerated re- 
Production of tularemic bacteria in the tick’s organism 
during suction. 

Mature ticks may transmit the infection not only to 
rodents, but also to domestic animals (D. A. Golov, 1935). 
The ticks can maintain the pathogens all their life; thus, 
V. G. Petrov proved the maintenance of the pathogen in 
mature ticks Dermacentor marginatus during 700 days, 
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its basic biological properties, including virulence, remain- 
ing unaffected 

Owing to their longevity, Ixodidae serve not only as 
vectors but also as long term reservoirs of the infection 
in nature during interepizootic periods 

As evident from literature, ticks transmit the pathogen 
of tularemia transovarially (V P Bozhenko and V. P Ro- 
manova, 1956) This, however, was not confirmed by the 
extremely thorough control experiments of V G Petrov 
(1959) on ticks Dermacentor marginatus, which agrees with 
the findings of D A Golov (1934) and other authors An 
extremely active vector of tularemia are rodent lice, 
Whereas transmission through fleas and bugs 1s difficult, 
horse flies, mosquitoes and stable flies muy likewise trans- 
mit the infection from diseased to healchy animals, but 
only mechanically 

If the role of Ixodidae, fleas, mosquitoes, horse-flies, and 
stable-flies as vectors of tularemia, has been studied with 
sufficient detail, data on other groups of blood sucking 
arthropods are scarce Fuller information 1s necessary on 
the transmission and maintenance of tularemia by Gama- 
stdae and Argasidae, and on the possibility of the same 
by mosquitoes, blackflies and midges 

Experiments on the transmission of tularemia by blood 
sucking arthropods can only be staged on animal donors 
from group I—water rats, common voles hamsters, etc The 
same purpose may occastonally be served by white mice, 
as well as golden hamsters and steppe lemmings, which 
readily multiply in confinement Guinea pigs are useless 
as donors because of the poor development of tularemic 
septicemia in their bodies The animals are infected sub- 
cutaneously erther with fully virulent strains freshly 1s0- 
lated from a focus, or a strain cultivated artificially on 
sensitive animals, or else dessicated under vacuum shortly 
after isolation 

The experimental ticks or other msects may be bred in 
the laboratory or caught in nature The arthropods are 
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fed on the experimental animal in groups of several dozen, 
hundred, or thousand specimens, depending on the size 
of vector and donor, the blood meal taking place towards 
the end of the latter’s life, when its blood holds the great- 
est amount of tularemrc bacteria (at the stage of septi- 
cemia) 

The success of vector infection is estimated bacterio- 
scopically, for which two or three freshly fed specimens 
are crushed on a slide, making a smear of blood from the 
stomach and staining it (after preliminary fixation with 
Nikiforov's mixture) by the Romanowsky Giemsa method 
In subsequent experiments, use 1s made only of series of 
ticks or insects replete with blood containing Jarge quan- 
tities of tularemic bacteria (up to III or IV _ points) 
The infected arthropods are then used in tests for ability 
to maintain or transmit infection 

In experiments on transmission the arthropods are fed 
on animals sensitive to tularentia (group I) The best recip- 
ents are guinea pigs or white mice, as well as various 
wild rodents likewise belonging to group I (hamsters, 
voles, etc) Pathogen carrying ticks and insects are fed 
pending different intervals after infection by blood meals 
on donor animals, viz, from several hours or days to sev- 
eral months, depending on the rate of blood digestion in 
the given arthropod species and its capacity for repeated 
blood meals Another procedure used 1s interrupted feeding, 
when the arthropod is removed from the donor before en- 
gorgement and 1s directly (or after several hours) fed to 
repletion on the recipient 

Infected arthropods are fed on recipient animals indi- 
vidually or in small groups Blood meals may be effected 
by letting the insects freely alight on the animal, or plac 
mg, them on definite areas of the latter's bodies under 
small glass or plastic cylinders or special adhesive bags 
A cylinder 1s glued to the shaved skin area with Mendele 
yev’s putty, and a bag—with celloidin dissolved in a mix- 
ture of alcohol and ether 
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Each animal ts used for feeding infected arthropods only 
once, after which it 1s kept under observation for 15 to 
20 days Dead animals are investigated for tularemia, con 
firming the diagnosis by 1solation of the :nitral culture 

The time of maintenance of the pathogen in the vector 
organism 1s mostly estimated by subcutaneous tnyection 
of a suspension of the arthropod tissues into an animal 
sensitive to tularemia, usually a white mouse The suspen- 
sion 1s prepared in saline 

The amount of tularemia microbes in the vector’s body 
may be estimated by “titration” on white mice Five or 
ten specimens of arthropods subject to investigation are 
thoroughly crushed in a mortar After adding 25 or 5 ml 
respectively of saline soJution, a homogeneous suspension 
1s obtained, every 05 ml of which contains the crushed 
tissues of one arthropod After that the suspension is dilut- 
ed 10, 100, etc, trmes, for which 05 ml of the Jatter 1s 
mixed with 45 ml of saline, and so on, the operation each 
time being performed with a fresh pipette The result 1s 
a number of suspensions, 05 ml of which contain 1/10, 
1/100, etc., of the arthropod tissues These are further in 
jected into white mice, using 0 5 ml per injection and 3 mice 
per suspension The value of the minimum dilution caus- 
ing lethal tularemia in all 3 mice indicates the quantity 
of doses lethal for mice contained in the body of one ar- 
thropod, and since the DCLM of a virulent tularemic cul- 
ture for white mice compnses 1 microbe cell, the said 
value simultaneously indicates the amount of tularemia 

microbes contained 1n one arthropod Thus, if the death of 
all three mice was caused by a minimum dilution of 
} 100,000, one arthropod should have contained an aver- 
age of 100,000 tularemia microbes The same procedure 
may be used for determining the amount of bacteria in 
individual organs of vertebrates, invertebrates, water, 
etc 
Other routes of transmission In contrast to a number 
of other diseases with natural foci, such as the plague, 
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rickettsioses, tick-borne encephalitis, etc, tularemia may 
be transmitted from diseased to healthy animals not only 
through blood sucking arthropods, but by other routes 
as well In the acute phase of the disease, tularemia 
infected rodents, especially those of group I, discharge the 
pathogen with the urine and faeces, thereby contaminat- 
ing the environments Experiments have shown that if 
rodents dying of tularemia fall into water, their carcasses, 
especially when damaged, may infect the reservoir (T N 
Dunayeva, 1959) At temperatures from 4 to 6° C, the path- 
ogen may retatn its viability in water and on the surface 
of fodder (grain, straw) for as long as 4 months 

In nature, small rodents often contract the disease by 
eating the carcasses of other rodents which have died of 
tularemia 

According to S P Karpov (1955) and A A Selesnyova 
(1950, 1955), Mollusca, Trichoptera and other inverte- 
brates, so called hydrobionts, receive tularemia microbes 
through water, in their own turn becoming sources of in 
fection, liable to infect fresh-water reservoirs 

Experiments by T N Dunayeva (1959) on water rats 
and other rodents, demonstrated the possibility of rodents 
contracting tularemia at short term immersion in infected 
water Infection occurred at a minimum concentration of 
100 microbe cells per 1 ml of water 

Experments with infected food (grain) showed the lat- 
ter to be a potential source of infection for common voles 
and domestic mice (L A Pomanskaya, 1957) 

Research in natural foc: of tularemia should envisage 
further elucidation of the routes of transmission through 
environment, especially water It 1s necessary to clanfy 
the possibilities of infection through water for a number of 
amphibotic vertebrate speaes, eg, the musk rat, certain 
voles, etc Study should likewise be continued on the role 
of hydrobionts in the infection of water reservoirs, eluci- 
dating the concentrations of microbes in water at which 
hydrobionts may be infected, the occurrence of microbe re- 
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production in the latter, the temperatures at which this 
1s possible, etc, etc 

These studies may be accomplished by the techniques 
employed in investigating other aspects of the epizootol- 
ogy of tularemia In particular, “titration” on white mice 
may be apphed for determining the amount of microbes 
in hydrobionts, ambient water, etc. (see p 264) 

Attention should be drawn to the possibility of trans 
mission by droplets as well as dust 


Epidemiology 


As demonstrated by many Soviet authors, the main 
sources of tularemia infection for man in the USSR are 
common voles, water rats, domestic mice, hares, and, partly, 
musk rats and hamsters Contagion in man results either 
from contact with diseased and dead rodents, or from the 
bites of infected blood sucking arthropods (mosquitces, 
horse flies, ticks), or, further, from handling water, food, 
straw and other substrate contaminated by rodents infect- 
ed with tularemia Cases are known when personnel at 
meat-processing plants contracted the disease when 
slaughtering cattle infested with tularemia carrying ticks 
As regards the concrete mechanisms of contagion, man 
may be infected through contact, ingestion, aspiration and 
moculation (arthropod bites) 

Tularemia may occur in the form of sporadic cases or 
epidemic outbreaks of varying intensity The disease af- 
fects agricultural workers, hunters, fishermen, housewivcs, 
schoolchildren, etc , 1n other words, any occupational cate- 
gones and age groups, including infants and old people 
regardless of season The specific assortment, population 
and ecology of rodents—the principal reservoirs—and 
blood-sucking arthropod vectors, as well as the vanous 
supplementary routes of transmission—all these character- 
istics of a natura) focus have their effect on the condi- 
tions of human contagion The said charactenstics, how- 
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ever, are in turn influenced by the social factor, 1e, the 
concrete forms of human activity within the focus, in the 
course of which man comes into contact with rodents, blood- 
sucking arthropods or substrata (water, grain, fodder, etc ) 
contaminated by diseased animals The conditions of con- 
tagion and especially the infection rate are also affected by 
preventive measures and the percentage of non immune 
Population, 

According to origin, outbreaks and solitary cases of tula- 
Temia may be classified as follows vector-borne (ie, dis- 
seminated through vectors), trappers’ (from water rats 
and musk rats), water-borne (contracted through drinking 
or washing with infected water from wells or natural 
Teservoirs), agricultural (contracted at overhaul of rodent- 
infected hay, contaminated grain and vegetables and trans- 
portation of hay, etc), domestic, game borne (received 
through hares, etc), food borne (developed through the 
use of milk, bread, etc, infected by rodents), industrial 
(contracted at plants while processing infected agricultur 
al products) and so forth In vamous types of foci, the 
conditions of human contagion may differ, due to which 
epidemtological data should form an indispensable part 
of the description of a given focus 

The primary stage of research on the epidemiological 
Status of the focus under survey, constitutes careful accu- 
Tulation of long-term data on previous outbreaks and mis- 
cellaneous cases, desirably, since the earliest known 

When collected through the local public health service, 
morbidity data may not always correctly reflect the actual 
tate observed in the past, since part of the patients may 
have remained unregistered To venfy this, resort should 
be taken to selective tests of the population by the per- 
cutaneous tularin technique This method permits sufficient- 
ly accurate recording of individuals earlier afflicted with 
the disease, since they retain the allergic skin reaction to 
tularin for many years Interrogation will help to determine 
the approximate time of the disease, it being borne »n mind, 
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however, that the persons questioned are often unaware 
of having had the disease Surveys should cover only the 
Population never inoculated against tularemia 

The collected morbidity data are analysed statistically 
and epidemrologically in the following sequence 

(a) Dynamics of tularemia morbidity for the entire period 
covered by the available data Distmbution of morbidity 
over the area (map), among individual settlements (dia 
grams), and tts level for different 5 ears and seasons (graphs) 
and hkewise in relation to conditions of contagion, occupa 
tion, age, sex, etc (graphs and tables) Morbidity indices 
per 10,000 inhabitants, per settlement, etc Types of tula 
remia outbreaks with detailed descriptions of each 
sources and routes of infection, clinical forms of disease 
(according to localisation of primary lesions) 

(b) Epizootologic and epidemiologic factors conducive 
to the incidence of tularerma Dynamics of rodent and vec 
tor populations for the years covered by epidemiological 
analysis Data on the incidence of the pathogen 1n rodents 
and vectors Features of human economic activity invols 
ing exposure hunting of water rats, hares and other am 
mals, haymahing and other agricultural occupations in 
the natural foci of tularemia Characteristics of agrotech 
nical procedures, promptness and efficiency of harvesting 
etc 

(c) Effects of prophylaxis on morbidity dynamics Vac 
cination, rodent control, etc Evaluation of the efficiency 


of adopted measures 


TAPES OF NATURAL FOCI AND 
ELEMENTARY FOCT OF TOLARESIIA 


The sources of tularemia infection, the routes of its cir 
culation in nature and the conditions of human contag!o7 
vary with the terrain, which necessitates classification of 
natural foc: as to their biocenotic, epizootologic and ep) 
demuologic features 
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Fig 31. Floodland swamp type tularemic focus Lake overgrown with 

reeds—habitat of water rats, mosquitoes and horse flies The valley 


of the Karatal river near Ush- eroben Station, south-eastern Kazakh- 
s 


ue 


According to A. A Maximov (1957), “A class of natural 
foci permanently associated with a corresponding type of 
terrain is defined as a category of infective focal entities 
homogeneous in the character, historic origin and present- 
day environment of their component biocenoses, and ex- 
hibiting identical epizootologic and epidemiologic manifes- 
tations.” 

Each type of focus has its structure, i.e., aggregate con- 
ditions (warm-blooded animals, blood-sucking arthropods, 
actual forms of contact between the former and latter, re- 
lations with environment, etc.) allowing the causative 
agent to exist (circulate) for an indefinite length of time 
within the focal area (N. G. Olsufyev, 1947). 

As regards the territory of the U.SSR., it appears jus- 
tifiable to distinguish the following 6 types of natural tu- 
laremic foci: swamp-floodland, grassland-meadowland, 
woodland, steppeland (ravine); cisalpine-stream type, and 


269 


desert-floodland (the latter term being proposed by G. A. 
Kondrashkin, 1957). As evident from the list, the terms 
denominating focal types are not the synonyms of the 
geographic zones with which they are associated. The choice 
of denominations was governed by the concrete assort- 
ment of biotopes harbouring the infective foci. The pro- 
posed classification sets no limit for subdivision of earher 
established types and introduction of new ones. Such typing 
should be based on concrete data concerning the bio- 
cenotic, epizootological and epidemiological characteristics 
of a focus, and not merely on its association with a given 
type of terrain. 

The close interdependence between the focal type and 
the conditions of human exposure may be confirmed by 
examples A most typicaf occurrence in grassfand-meadow- 
land foci are agricultural and winter-time water-borne 
outbreaks; in the swamp and floodland type—outbreaks of 
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Meadowland type tularemie focus Mesophilous hummocky 

PB dow vhabtat of common vole Alicrotus anvalrs and meadow tick 

Dermacentor pictus, abundant tularemia Infected ticks revealed in 
spring, Mikhnevo district, Moscow region (NG Olsufy ev) 
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Fig 33, Cisalpine-stream-type tularemic focus Small stream with 
banks inhabited by water rats and ticks Dermacentor stlvarum and 
Haemaphysalis concinna Tularemia-infected ticks revealed in spring, 
infected rats and water—in summer. Ticks collected on fiag early 
in spring, Staro-Bardin district, Altai territory (N. G. Olsufyev) 


the vector-borne and trappers’ varieties; in cisalpine- 
stream foci—summer-time water-borne outbreaks, etc., etc. 

At present, the swamp-floodland and grassland-mead- 
owland types of foci are known best. The former is wide- 
spread in the European and Asian parts of the U.S.S.R., 
being associated with river valleys, lake shores, and 
swamps. The principal function in maintaining this type 
of foc] belongs to the water rat. The grassland-meadow- 
land type of focus, chiefly connected with the common 
vole, occurs mainly in the central regions of the European 
U.S.S.R. However, certain varieties of the swamp-flood- 
land type, in particular the Jake and swamp foci of the 
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forest steppe zone in Western Sibema, require further in- 
vestigation Less studied are the steppeland (ravine), cisal- 
pine Stream and woodland types of foci, and still poorer— 
the desert floodland type 

Additional attention should be afforded to the natural 
foc: of Eastern Siberia and Transcaucasia, the latter's ty- 
pological features still being not clear. Little studied are 
the foci located in the north of the USSR, particularly, 
tm the lower reaches of the nver Ob, and on the nver Lena 
and its tributaries. 

Classification of natural tularemic foci 1s based on a 
combination of all data accumulated dunng focal surveys 
The former should be regarded as the final stage of all 
research, being of major importance for substantiating the 
prophylactic measures to be taken 1n foc: of different ty pes 

The focal area 1s subdivided into smaller sections which 
are called microfoc, or elementary foci, in which the infec 
tion persists with relative constancy, including interepizo- 
otic periods Elementary foci are usually associated with 
areas of relatively stable rodent and tick populations, 
mostly being polyhostal and polyvectora! 

The stability of an elementary focus ss to a consider 
able extent dependent on the Jongevity of xxodid ticks man 
tammmng the pathogen dunng interepizootic penods (N G 
Olsufyev) A supplementary part in stabilising the foci 
1s apparently played by certain species of Gamasidae 
(E. N Nelzina) The stability of natural foci of tularemia 
1s demonstrable by the following example In Mikhnevo 
district of Moscow region the existence of tularemic 
snfection in the rodent or uck population was observed 
continuously for 15 years (from 1938 to 1953) on an area 
not more than 5 kilometres broad (N G Olsufyex et coll) 
The discovery of elementary foci facilitates the sanitation 
of the focus as a whole, since prophylactic measures may 
be effected not on the whole area at once, but only prt 
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The detection of elementary foci will be enhanced by 
dividing the focal area into sections with uniform ecology 
and terrain The procedure is as tollows (1) According to 
features of terrain, the investigated area is sectionalised 
into primary geomorphological and geobotanical districts, 
priority being afforded to the hydrographic network and 
types of water reservoirs (2) According to the specific 
aspects (quantitative interrelationships) of the basic reser 
voirs and vectors and their population dynamics, districts 
with closely similar faunistic communities and synchronous 
fluctuations of rodent and vector populations are revealed 
(3) On the basis of epizootological characteristics, a list 1s 
made of districts harbouring epizootics with identical fre 
quency, intensity, dissemination, seasonal occurrence, and 
specific assortment of animals involved, and with an equal 
numenical incidence of infected blood sucking arthropods 
(4) On the basis of economic data, districts of equal devel 
opment are defined, note being made of population den 
sity, principal occupations, etc 

All the above are mapped, and pending analysis of ag 
gregate features, the termtortal divisions are classed into 
(a) non enzootic, (b) enzootic with rare manifestations of 
epizootics of varying intensity, and (c) permanently en 
zootic areas 

Division into districts according to features of terrain 
was successfully applied in locating elementary foct of 
tularemia in a survey of a floodland swamp type focus in 
the north of the Volga Akhtuba floodlands (N G Olsu 
fyev, V V Kucheruk et al, 1958) 


NOSOGEOGRAPHY OF TULAREMIA 


As is true of all dyseases with natural foc, the desiri- 
bution of tularemia ts primarily dependent on natural fac 
tors However, the economic activity of man also has ats 
effect on the geography of the disease, restricting, or, some- 
times, extending the boundanes of its natural foc: Dur- 
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ing the almost fifty years after the discovery and descrip 
tion of the tularemma pathogen, meidence of the disease 
has been recorded exclusively in the northern hemisphere 
In the Americas, tularemia has been confronted in all states 
but one of the USA, as also in Alaska, Canada, Mex- 
ico and Venezuela In Europe, tularemia has been diag- 
nosed im France, Belgium, the Netherlands, Switzerland, 
laly, Austria, West Germany, the German Democratic 
Republic, Sweden, Norway, Finland, Poland, Czechoslova- 
kia, Rumanta, Hungary, Yugoslavia, Greece, in Asia—in 
Turkey and Japan The global distribution of tularemia has 
not been fully clarified This refers to a number of con 
tinents, including Europe, where its discovery is to be ex 
pected in severa) more countnes, viz, Bulgara, Albania, 
Spain, and, possibly, Denmark, and among Astan coun 
tries—Iran, the Chinese People’s Republic, the Korean 
People’s Democratic Republic, and, probably, India 

Since its discovery in the USSR. (1926), an increasing 
amount of data have been accrued on the prevalence of 
natural foci of tularemia in the country, By now such foc 
have been revealed in both the European and Asian parts 
of the Soviet Umion (see Fig 34) A number of regions 
have not been explored 

The task for the future 1s to organise surveys of blank 
areas, 1€, regions and districts where tularemia has not 
been recorded, with a view to checking the real extent 
to which they are free of natural foc: of the disease Prompt 
detection of the latter 1s extremely smportant for the timely 
institution of prophylaxis 

Detection of latent natura) foci may be effected by the 
following procedures 

(a) bactenological study of Ixodidae collected in large 
quantities in spring from domestic ammals (cattle, sheep) 
m various parts of the area under survey, ths concerns 
only tick species whose larval and nymphal stages parast 
tise rodents (e g, species of the genus Dermacentor), 

(b) bacternological study of rodents, primaniy, the mass 
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Spread species of group I, collected at the seasons of their 
most probable occurrence in the tularemia mfected animal 
Population (see p 243), 

(c) selective investigation of the human population with 
the use of the tularin skin test, covering, primarily, per- 
sons occupationally subject to frequent contact with 
rodents or ticks—hunters, herdsmen, etc , permanently hiv 
ing in the area under survey, the survey should be restrict 
ed to people never vaccinated against tularemia, 

(d) agglutination tests with the use of tularemic diag 
nosticum to be staged on the sera of cattle and sheep reg 
ularly grazing on pastures and exposed to mass tich in- 
festment (M V_ Vasilyeva et coll, 1957, V L Adamovich 
and Y M Feldman) The test 1s made by volume and 
regarded as positive only with absolutely clear aggluti- 
nation (3 or 4 plus) in serum dilutions of 110 and more 
on Condition that the reaction is absent in paralle) tests 
for brucellosis 

In establishing the incidence of tularemic foci in the 
area under survey (1e , recognising it as enzootic in regard 
to the disease), serologic findings represent merely a first 
approach, and must be confirmed either by isolation of 
the pathogen from ticks or rodents or by revealing post- 
convalescents among the local human population 


PROPHYLAXIS 


At present, prophylaxis 1s chiefly confined to vaceina- 
tion of people in the foci of the infection As generally 
known, the live vaccine proposed by N A Gaisky and B ¥ 
Elbert, 1s applied in the same way as the smallpox vaccine 
(B Y Elbert) 

Vaccination 1s a reliable safeguard with any route of 
transmission The resulting immunity may sometimes last 
up to 5 or 6 years and more, which has permitted planned 
vaccination in enzootic regions, when urgent epidemolog 
ical indications were still absent Revaccination 1s mide 
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after five years The development of such a highly effec- 
tive vaccine against tularemia 1s a splendid achievement 
of Soviet scientists 

Since tularemia belongs to the diseases with natural 
foci, the use of vaccines alone cannot lead to sanitation of 
its foci, where the potential hazard of infection still re 
mains Vaccination may be regarded merely as a provi- 
sional measure until all natural foci of the disease are sup- 
pressed Sanitation of natural foc: of tularemia may be 
achieved by reducing the population of the principal res 
ervoirs and vectors to a level precluding their mass re- 
production 

Soviet scientists have developed effective methods of 
exterminating rodents in tularemic foci (N P Naumov et 
coll, V V Kucheruk et al) Thus, water rat control 1s suc- 
cessfully achieved by the use of carrot bait poisoned with 
zine phosphide The same poison as well as others proved 
highly effective against the common vole Control in this 
case 1s effected by fumigating the entrances of vole bur 
rows In agricultural areas, control is based on thorough 
execution of agrotechnical operations, in particular, prompt 
removal of stubble, thorough ploughing in autumn and 
spring, timely and thorough harvesting, etc 

Regular hunting has an important restrictive effect on 
the population of water rats, hares and other game ro- 
dents Systematic hunting in tularemic foci precludes the 
appearance of epizootics among game rodents, and there- 
by, along with vaccination, ensures the prevention of 
tularemia among people (N G Olsufyev, B P Borodin, 
V V. Kucheruk et al , 1958) 

The destruction of Ixodidae 1s also of major importance 
for the sanitation of natural foci of tularemia Many spe 
cies are amenable to control in the mature stage, when 
feeding on domestic animals 

A highly effective measure 1s DDT and hexachlorane 
treatment of cattle, which Jeads to almost total extermina- 
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tion of the ticks (L N Pogodina, N G Olsufyev, V J Kur 
chatov, V G Petrov) 

The ticks may also be exterminated by spraying the 
vegetation with DDT preparations (N N Gorchakovskaya, 
V G Petrov) 

Apart from that, there are other measures, such as 
enforcement of sanitary rules and regulations at water 
sources, in shops, stores and dwellings, public samtary 
education, etc 

In the Soviet Union preventive measures against tula 
remia are effected by the entire public health network 
under the guidance of the departments of high hazard 
diseases of regional and district sanitary and epidemiolog 
1¢al stations These departments plan vaccination cam 
paigns, check up on their quality, carry out epizootologic 
surveys of natural foc: of the disease, present forecasts re- 
garding the population of rodents—the principal sources 
of tularemia infection—furmish the agricultural authorities 
with recommendations on rodent and tick control etc, etc 

Prognostication of rodent population and planning of 
prophylactic measures are carried out differentially, with 
regard for the local types of tularemc foc: Thus, for 
grassland meadowland foct, the basic measures should 
envisage prevention of the agricultural and winter time 
water borne outbreaks which are most typical for this 
class of foci for floodland swamp areas—the prevention of 
vector borne and game borne outbreaks for the cisaphine 
stream type—prevention of summer time water borne out 
breahs, and so on 

The incidence of tularemia among the population 15 as 
sumed as the basic critenon for evaluating preventive 
measures Estimates of the efficiency of preventive 
measures are made by analysing the sick rate for the cur 
rent and subsequent years 

If cases of the disease occur despite prevention, espe 
cially sf their incidence 1s comparatively high, it 18 neces 
sary to elucidate the reasons of the inefficiency of the 
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adopted measures If morbidity 1s reduced or eliminated, 
it 1s necessary to evaluate the importance of adopted 
measures in achieving such results Analysis of the effi 
ciency of these measures should be based on objective 
evaluation of domestic and labour conditions and varia- 
tions in the latter, as well as on objective estimates of the 
scope and quality of the measures proper 

Basically, the quality of prophylaxis and anti epidemic 
sanitation 1s assessed by the following (1) quality and ef- 
ficiency of preventive vaccination, as assessed by compar- 
ing morbidity among vaccinated and non vaccinated in 
dividuals residing 1n equal epidemiological conditions or 
by confronting the sick rate for three, five or more years 
preceding the given campaign with the 35 and more 
years following, (2) promptness and effectiveness of ro 
dent and vector control carned out in the focal areas with 
prophylactic purposes, (3) completeness and promptness 
of registration of tularemia patients, (4) efficiency of other 
preventive measures safeguarding and decontamination of 
water sources and food products, water rat hunting, etc 

Analytic data on the effects of preventive and anti- 
epidemic measures are subsequently utilised in planning 
and carrying out combined anti-tularemia programmes 
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LEISHMANIASES 


The term leishmamases presents the group denomination 
of a number of diseases caused by parasitic protozoa 
belonging to the genus Leishmania The vectors of these 
pathogens are insects of the genera Phlebotomus and 
Sergentomyia All diseases classed under this name are 
distinguished by their pathogenesis, clinical course and 
a number of other features, and are usually divided onto 
two groups known as cutaneous and visceral leish 


maniases 


CUTANEOUS LEISHMANIASES 


Synonyms Borovsky’s disease, Borovsky’'s leishmaniasis, 
Leishmania tropica, oriental sore Pendinsk: (Ashkhabad, 
Kokand, Tashkent, Samarkand or Merv) ulcer, Lenkoran 
or Yelizavetpol godovic, Leishmantosis cutanea (Lat), 
Leismaniose cutanee (Fr), cutaneous feishmaniasis (Eng ). 
Hautleishmaniose (Germ), leishmamasis cutanea (Sp) 


General Definition 


Cutaneous leishmamiasis 1s a transmissive endemic dis 
ease proper to countries with warm and hot climates The 
external manifestations are ulcerous lesions of the skin 
resulting from the bites of small blood sucking Diptera— 
sandflies Phlebotomus and Sergentom):a 
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Distribution 

In Europe Italy, France, Spain, Greece, Yugoslavia, 
Bulgaria, Albama, Transcaucasian republics of the USSR 

In Asia India, Arabian peninsula, Afghanistan, Indo- 
China, Philippines, Ceylon, Iran, Iraq, Israel, Turkey, Syria, 
Jordan, Yemen, Soviet Central Asian republics 

In Africa Algiers, Tums, Libya, Morocco, Egypt, Sudan 
Congo, Angola, Ethiopia, valleys of the rivers Niger, Shar, 
and others 

In South and Central America Brazil, Paraguay, Mex: 
co, Argentina, Uruguay, Columbia, Bolivia Peru, Panama, 
Yucatan peninsula, Guiana, Equador, Venezuela 

History The earhest descriptions of the disease were 
made by the British physician Pocock in 1745 in Syria 
The clinical features of the disease were outlined by bros 
Russel in 1756 In 1833 Gillhou delivered before the Paris 
Academy of Sciences a thesis on what he called the 
“Aleppo boil”, Later, the same disease was examined by 
numerous other investigators and physicians 

The Russian military doctors N Arend (1862), F Fin- 
kelstemn (1886), L Heidenreich (1888), A Kolpakov (1901) 
described the clinical picture of the disease together with 
some of its prominent epidemics In 1898 G F Borovsky, 
an army doctor, discovered and described in some detail 
the causative agent of cutaneous leishmaniasis, without, 
however, stating its systematic relationships and name 
The Russian physician's discovery was confirmed by K 
Shulgin (1902) G F Borovsky’s publication remained 
unknown abroad so that priority in the discovery was 
wrongly ascribed to J H Wnght, a Boston physician who 
revealed the pathogen in the content of an ulcer in a 
child immigrant from Armenia In 1900 Leishman and in 
1903 Donovan isolated the causative agent of visceral 
leishmamasis Issuing from these data, R Ross in 1903 
referred the infective agent of cutaneous leishmaniasis to 
a new genus which he called Leishmania after the British 
*muihtary doctor. 
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Academician E N Pavlovsky (1924-1927) re established 
the priority of the Russian scientist in the discovery of 
the pathogen of this disease Subsequently, the work of 
G F Borovsky was published by the British scientist 
C Hoare in London im the Annals of the Royal Soctety of 
Medicine 

Among the Russian contributors to the development of 
the theory of leishmaniases in the republics of Central 
Asia, it 1s necessary to mention the works of E J Mar 
tsinovsky, V L Yakimov, Y N Pavlovsky, N I Khoduhin 
I I Gitelson, N J Latyshev and A P Kryukova P P 
Perfilyev, Y P Vlasov, P A Petrishcheva, L M Isiyev 
A S Artamonov, P V Kozhevnikov, N F Rodyakin 
L F Burova, I § Kassirsky, V P Petrov, M S Sofiev, 
F I Shevchenko, and many others A large number of 
other workers, such as S P Kandeliki, A A Mirzayan 
P P Popov, G M Maruashvili, are known for their re- 
search on leishmaniases 1n the Transcaucasia 

New directions in the study of cutaneous leishmaniasis 
were initiated by the works of Y P Vlasov (1929 1937) 
and P A Petrishcheva (1930 1957) For the first time in 
world science, these authors proved that sandfltes—vec- 
tors of the disease—inhabit, oviposit and develop in the 
burrows and lairs of wild animals The works of these 
authors paved the way for the discovery of the reservoirs 
Investigations in the field were prompted by numerous 
facts of mass infection with cutaneous leishmaniasis among 
new arrivals in unpopulated desert and semi desert arcas 
For the first time, the incidence of cutaneous Jeishmani 
asis in nature was brilliantly demonstrated by the works 
of expeditions under N I Latyshev 


Individual Forms of Cutaneous Leishmaniasis 


As proposed by P V Kozhevnikov, two types of cuta 
neous leishmamasis are distinguished in the USSR, the 
first an acutely necrotic zoonosis, known as desert or 
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tural leishmaniasis or Pendinski ulcer, and the second, an 
anthroponosis with delayed ulceration known as the urban 
type 


Zoonose Type Cutaneous Lelshmanfasis 


The causative agent 1s Leishmania tropica major 
(V L Yakimov, 1915) The incubation period 1s short (1 to 
4 weeks) The disease develops rapidly, beginning with 
the appearance of an infiltrate Ulceration starts after 1 
to 3 weeks, the ulcers occurring on the lower extremities 
more often than on the face The duration of the disease 
1s from three to six months Severe mass outbreaks are 
not uncommon The reservoirs are wild rodents inhabiting 
the desert The disease is prevalent in rural localities 
suburbs and deserts The first extensive outbreaks on 
record took place in 1885 among Russian troops stationed 
in the Murgab district, afflicting up to 85 per cent of per 
sonnel in diverse detachments Considerable outbreaks 
were noted among French troops during the invasion of 
Algeria, especially in the Hafsah and Bishra oases Phys 
cians often named the ulcers after the localities where 
cases were recorded 


Urban Cutaneous Leishmaniasis 


Causative agent—Lershmanta tropica mmor (V L Ya 
kimov, 1915) Incubation period prolonged (from two to 
six months and up to one, two or more years) The ulcer 
develops slowly, three to six and more months passing 
until the small, hardly visible browmsh swelling shows 
signs of ulceration Usually, ulcers form on the face, less 
often on the legs On healing, the ulcer leaves a scar 
Mass epidemic outbreaks are rare 

Among animals, the red tailed gerbil and short tailed 
bandicoot rat are known to be susceptible to this type of 
pathogen (E M Belova, 1955) Newer works on animal 
susceptibility have not been published Several authors 
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obtained negative results with old animals which died 
prior to the end of incubation It 1s safe to assume, how 
ever, that the list of animals susceptible to this form will 
increase with the number of properly staged experiments 

The principal reservoir of the infection 1s considered 
to be the human patient The persistent ulcers are subject 
to frequent contact with sandflies, which after a suction 
become pathogen carners and may infect healthy people 
For this reason the variety of leishmaniasis producing 
delayed ulceration 1s classed as an anthroponosis The 
pathogen circulates through the chain patient-> sandfly > 
healthy individual 

The possibility of diseased dogs acting as reservoirs 
cannot be ruled out, considering the frequent coincidence 
of cases in the former and man In experiments staged by 
V P Kozhevmhov, N V Dobrotvorskaya, A N Soholova 
and A A Shakhova (1937), white mice proved low sen 
sitive to urbin type strains of leishmanias, and highly 
sensitive to those of the zoonose or desert type The prin- 
cipal vectors of the disease are considered to be Phicbot 
omus sergent: and Ph papatasu, which are both prevalent 
in the foc: of infection The same species displayed marked 
susceptibihty to infection with pathogen strains of the 
urban type (E M Belova, 1955) 

Post convalescent immunity 1s fairly stable, and may 
likewise be produced by inoculation with live cultures of 
zoonose and urban strains Injection of hve cultures of 
the zoonose type imparts immunity to both forms 
(N F Rody akin, 1955) 

Therapeutic measures are elaborated insufficiently The 
four to five per cent solutions of acrichine used in the 
USSR have brought some success The efficiency of 
acrichine therapy depends on promptness of application 
Primary papules may be cured by intracutancous Injection 


of acrichine in the first one to three months after ap 
pearance 
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American Cutaneous Leishmaniasis 


Synonyms espundia, mucocutaneous leishmaniasis, 
Brazilian cutaneous leishmaniasis, buba brasiliana, Leish- 
Maniosis americana, forest yaws, leshmaniose forestiere 
americaine 

This type of leishmaniasis 1s prevalent in the humid 
forests of Central and South America The infection 1s 
most widespread among lumbermen, affecting the mucous 
membranes of the nose, pharynx, larynx, and mouth, the 
lesions extending to the cartilage and bones The disease 
may continue for two, three and more years, leading to 
severe exhaustion and death The infection doubtlessly 
belongs to the class of diseases with natural foci, as in 
terpreted by the theory of Y N Paviovsky The reservoirs 
are apparently certain species of wild forest mammals, 
the vector being sandflies In urban locahties it is rare 

Prevention measures are not elaborated S Pessoa 
(1958) considers that vaccination could be an effective 
safeguard for lumbermen 

Sudanese cutaneous leishmaniasis Synonym nodular 
cutaneous leishmaniasis Suspected causative agent— 
Leishmania nilotica Brumpt, 1913 

The independence of the species 1s disputed 

The external manifestations present nodules which com 
monly do not ulcerate Research has been inadequate Dis 
tribution Sudan and Egypt 


Causative Agents 


The causative agents are Leishmania, a genus of the 
family Trypanosomidae, order Protomonadida, class Fla 
gellatae, phylum Protozoa (Fig 35) 

During their life cycle, Leishmania develop two forms, 
the le:rshmanial (in vertebrate hosts) (Figs 36 and 37) and 
leptomonad (in the intestine of Phiebotom: and in culture) 
(Figs 38 and 39) 
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Fig 35 Systematic status of leish- 
manias in fam Trypanosomidac 
a—leishmania, b—leptomonad, 
c—enthidia, d—trypanosome 
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Fig 36 Position of leish- Fig 37 Reproduction of leish- 
manias in cell manial forms 


Fig 38 Leptomo- 
nad forms! of letsh- 
manlas 


Fig 39 Position of leshmanias in sandfly intestine 
(M_ A’ Shoshina) 





The genus Leishmania includes the following species 
(1) group tropica. L tropica with two subspecies (see 
further), L brasilensis with several subspecies, (2) group 
donovan, including L donovan, L infantum, L donovani 
var archtbaldi, L d var chagast The species occurring 
in the USSR are L tropica (with two subspecies) and 
L donovan 


Basic Specific Characteristics 


Leishmania troptca Wright, 1903, 1s the causative agent 
of cutaneous letshmaniasis By its biology and morphology 
(as noted by V L Yakimov in 1913 1915) it may be divided 
into two subspecies 

(a) L tropica major Yakimoff, 1915—the infective agent 
of the zoonose (desert or rural) type of cutaneous leish 
Maniasis The parasite 1s 55X4p 1m size, oval in shape 
The protoplasm frequently contains vacuoles On fixed 
and stained smears, the nucleus appears to be of loose 
structure In white mice causes lesions of the skin Sub 
cutaneous iyection frequently results in the development 
of generalised infection In nature occurs in gerbils, thin 
toed sushks and hedgehogs Lesions develop on the ears 
eyes and nose of animals 

(b) L_ troptca minor Yakimoff, 1915—the causative 
agent of urban cutaneous l!eishmamiasis Size 4X31 + 
shape—elongate oval Protoplasm homogeneous, nucleus 
compact White mice not susceptible The disease 1s an 
anthroponosis 

L brasiliensis Vianna, 1911—causative agent of South 
American cutaneous leishmaniasis At present, investi 
gators of South American cutaneous leishmamasis distin 
guish three species of the pathogen (see Floch, 1957) The 
group tropica should apparently include a whole series of 
other subspecific categories viz, different geographic and 
ecologic races of lershmanias 
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Leishmama donovan: Laveran et Mesmil, 1903, 1s mor 
phologically similar to L tropica major L donovani affects 
the viscera, 1e, the liver, spleen, marrow, etc The prrasite 
reproduces in the protoplasm of Kupffer’s cells, macro 
phagues and other phagocytes Here tt at times appears in 
enormous quantities, destroying the cells and penetrating 
into fresh ones Isolated specimens occur :n the blood 
plasm and leukocytes In smears and thick films, however, 
they are observed seldom Occasionally, the presence of 
feishmamas may be detected by inoculation of blood into 
different media (see further) 

In various parts of the globe, the reservoirs of L dono 
vant are man (India), dogs (Mediterranean area, Central 
Asia), or wild animals Accordingly, the anthroponose 
and zoonose types of visceral letshmamiasis are distin 
guished 

Apart from the animals already mentioned, white mice, 
hamsters, susliks, cats, apes, and certain others also proved 
susceptible to L donovan: In some of them the disease 
becomes generalised However, experimental infection of 
animals is not always successful As in cutaneous leish 
maniasis, the species L donovant may be divided into 
several smaller independent categories, or geographic races 
Some authors have even classed the latter as independ 
ent species, such as L infantum Nicolle, 1908 (the caus 
ative agent of Mediterranean visceral le:shmanisis) 
L donovan: chagast Cuhna et Chagas, 1937 (the pathogen 
of South American visceral leishmaniasis), etc As regards 
the independence of L canis Nicolle, 1908 (L troprca v 
canina Yakimoff, 1915)—~—the causative agent of canine 
leishmamiasis this species should be referred to the syno 
nyms of L donovan 


Morphology of Lelshmantal Forms 


In the bodies of mammals, including man, these parasites 
occur only as non flagellate forms 
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The parasites usually reside in the protoplasm of var: 
ous phagocytic cells of the skin or mucous membranes 
(in cutaneous leishmaniasis), and the liver, spleen, marrow, 
etc (as in visceral Jeishmaniasis) In the blood cells they 
occur in small quantities and far from regularly On des 
truction of the cell protoplasm, the parasites penetrate 
into the interstice spaces where they lie in free order 
Their shape 1s oval or round, size 2 to 6X 2 to 3p (see 
above) On the surface, the parasite 1s covered with a 
thin membrane called the pellicle 

The protoplasm 1s more or less homogeneous and in 
cludes vacuoli The Romanowsky Giemsa stain produces 
a bluish colouring The nucleus 1s located in the centre, 
being round in shape and 1 5X2 5p in size In dry stained 
preparations its shape often appears to be irregular, which 
1s due to fixation and desiccation When fixed by the wet 
method, the nucleus shows a typical bubble like structure 
The Romanowsky Giemsa stain produces a ruby red col 
our A highly typical feature of le:shmanias 1s the presence 
of the blepharoplast, which 1s shaped as a short stick with 
rounded ends The blepharoplast usually stains deeper 
than the nucleus (see Fig 35) 

Reproduction takes place by means of binary longitudi 
nal fission At first, the blepharoplast increases in length, 
then it divides, which 1s followed by fission of the nucleus 
and, finally, the entire body (Fig 37) This process devel 
ops in the protoplasm of the reticulo endothelial cells 
Leishmanial fission 1s presented in Fig 37 The parasites, 
closely packed :m a single cell of the host, may produce 
an impression of multiple fission The schizogonic process 
described by certain authors 1s apparently the result of 
an error By multiplying and filling the protoplasm, the 
parasites destroy the host cell, passing into the interstice 
and invading other adjoining ceils 
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Development of Lelshmantas tn the Vector . 

The first to discover leptomonads in the intestine of 
Phiebotomus in 1914 was C. Wenyon, working at the time 
in Aleppo, However, the idea of the importance of these 
insects in the spread of leishmaniases was expressed ear- 
lier by Pressat (1905) and bros. Ed. and Et. Sergent. Ex- 
perimental infection of man with leptomonads from Phle- 
botomus was effected by bras, Sergent, Donatien et al., 
in 1921. 

Phlebotomus attacks the open parts of the body (the 
nose and lips of dogs, ears, nose and eyelids of rodents), 
and, piercing the skin with their suction organs, pump out 
not only the blood, but the tissue fluid as well. As a result, 
solitary leishmanial forms or the host's phagocytes packed 
with the former, enter the sandfly’s alimentary tract. 
Within the latter, the leishmanias develop into Jeptomon- 
ads, which occupies approximately the first 20 hours. 
After a time, the leptomonads penetrate from the mid- 
intestine into the pharynx (Fig, 39) or mid-intestine. At 
sandfly bites, the leishmanias may enter the wound and 
infect the victim—man or susceptible animals, Apart from 
that, infection in cutaneous leishmaniasis takes place 
through penetration of leptamonads into the wound (at 
bites or scratching) from the sandfly's mid-intestine 
(M. A. Shoshina, 1953). 


Morphology of Leptomonad Torms 


In the intestinal channel of the vector, as well as in 
culture and citrate blood, leishmanial forms develop into 
leptomonads (Fig. 38). The fatter’s body is spindle-shaped 
with one end tapering and the otter blunt, 10 to 25% Jong 
and two to four » wide. The nucleus lies in the middle of 
the body, the blepharoplast being noticeably anterior, of 
a shape and size roughly the same as in leishmanias. A 
flagellum 15 to 20» long stems from the blepharoplast. 
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It should be borne in mind that, apart from leptomonads, 
closely related protozoan forms of the genera Leptomonas 
and Herpetomonas may likewise occur in the intestine of 
many insects. These, however, are not pathogenic to mam- 
mals, but are merely commensals inhabiting the intestinal 
lumen of certain invertebrates. 


CUTANEOUS LEISHMANIASIS 


Diagnosis 


The causative agent of cutaneous leishmaniasis may be 
detected in a patient’s skin at the site of the primary le- 
sion. When investigating lesions in the early state (paptles), 
the area concerned should be wiped with alcohol, apply- 
ing a sterile syringe with its needle pointing towards the 
middle of the papule. The obtained sample of serous-san- 
guinolent fluid is used in smears prepared by the usual 
precedure, and is inoculated into a culture medium with 
antibiotics to obtain leishmanial cultures. In mature ulcers, 
leishmanias are impossible to detect owing to profuse 
bacterial flora and intensive cellular disintegration. The 
edge of the infiltrate or papule is squeezed by the fingers, 
making a small incision with a scalpel, taking care to 
avoid hemorrhage. With the tip of the scalpel, a sample 
of the sediment is taken from the walls and bottom of the 
incision. Occasionally, the needle is introduced into the 
edge of the ulcer remaining intact, pointing in the direc- 
tion of the bottom. The obtained drop of liquid or scraping 
is used for smears and culturing. 


Investigations on Wild Animals in Foci of 
Cutaneous Leishmaniasis 


N. I. Latyshev and A. P. Kryukova (1941-1953), and a 
number of other workers, demonstrated that the principal 
host of Leishmania tropica major, the pathogen of zaon- 
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ose type cutaneous leishmaniasis, 1s the large gerbil Less 
important in this respect are other rodents, such as the 
red-tailed and midday gerbils, and the thin toed sushk 
Leishmanias were likewise revealed in the long eared 
hedgehog 

Experiments and observations sn nature carried out by 
LN Yeliseyey and G A Sidorova (1958), and other au- 
thors, showed conclusively that in large gerbils, the leish- 
manual process 1s mostly localised in the auricle, and Jess 
frequently on the nose and eyelids The disease tn these 
animals proceeds for more than one and a half years 
In gerbils, the pathologic process mostly develops on the 
auricle—areas almost completely free of hair and easily 
accessible for sandfly bites—and may be divided into the 
following stages (a) initial—infiltrate, (0) intermediate— 
abscess, and (c) final—healing The same authors find 
that ulcers do not develop in an:mals 

In the initial stage, a leishmanioma two to five mm in 
dit. forms, which 1s demonstrable only by palpation The 
skin on the ear is usually infiltrated both inside and out- 
side the auricle On incision, a small amount of liquid 1s 
exuded The abscess 1s easily noticeable, having a smooth, 
dark brown surface At palpation, the consistence of the 
leishmanioma proves to be soft or pastose An incision 
reveals a small cavity filled with pus The associated des 
truction of cartilage leads to deformation of the auncle 
The healing stage 1s marked by the reduction and disin 
tegration of the leishmanioma and disappearance of the 
infiltrate On the site of the tumor remains a spot of black 
pigment Smears prepared from the liquid or pus in all 
stages reveal typical feishmanias (L N Yeltseyev and 
G A Stdorova, [958} 

Animals are tested for leishmanias on smears of the 
hquid or pus obtained from the tumor by incision The 
latter are spread over slides then dried and treated by 
the usual procedure (fixation Romanowsky Giemsa stan 
tng) In some cases, the content of the abscess cavity may 
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be scooped out for smears Lesions on other parts of the 
body are rare 

It should be borne in mind, that the auricles of rodents 
not infected with leishmaniasis are the frequent feeding 
site of various stages of Ixodidae When the ticks drop 
off, a small depression may be seen at the site of attach 
ment, produced by the piercing apparatus of the tick, as 
well as an infiltrate The latter should not be confused 
with the infiltrate developing in leishmaniasis (L N Yeli- 
seyev andG A Sidorova, 1958) 

Apart from smears, leishmanias may be revealed by 
biopsy from the affected part, the pieces obtained being 
cast in paraffin and used for preparing microscopic sec- 
tions by the conventional histologic procedure The liquid 
and a suspension of scrapings from the affected parts may 
serve for culturing leishmanias 

eo 


Natural Focality of Zoonose Type Cutaneous 
Leishmaniasis 


As early as in 1939, by analysis of epidemiological and 
epizootological relationships on the materials of various 
expeditions, Academician Y N Pavlovsky was able to 
refer the desert type of cutaneous leishmaniasis to the 
category of diseases with natural foci 

The zoonose type of cutaneous leishmaniasis exists in- 
dependently from man in unpopulated deserts and semi- 
deserts, the pathogen being circulated from diseased to 
healthy animals through the agency of sandflies in the 
active period of their life During interepidemic periods, 
the pathogen ts maintained not in the vector, but in the 
bodies of wild animals inhabiting the natural foci, and in 
anthropurgic foci—in human and canine ulcers Man con- 
tracts the disease when visiting focal areas during the 
period of sandfly activity, the latter receiving the letsh 
manias from wild ammals, The disease affects non im- 
mune individuals 
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Fig 40 Colomes of large gerbils in semi-deserts of Kopet 
Dag foothills Natural focus of cutaneous leishmanias s 
and sandfly fever (P A  Petrishcheva) 


Reservoirs of the Pathogen in Nature 


The natural biotopes of cutaneous leishmaniasis may 
be the burrows and shelters of wild animals susceptible 
to the infective agent. The indispensable components of 
biocenoses in such burrows, apart from susceptible ani- 
mals (mammals), are sandflies as the permanent ectopar- 
‘asites of the latter, afid the causative agent proper. Cu- 
taneous leishmaniasis is an obligate transmissive disease, 
whose pathogen may be transmitted only through sand- 
flies, 

The completest studies of the pathogen reservoirs of 
cutaneous leishmaniasis have been made in the U.S.S.R. 
The first to approach the solution of this problem was 
N. I. Latyshev et coll. In 1937, while working in Turkme- 
nia, this author found a large gerbil infected with cutane- 
ous leishmaniasis. The said discovery was soon followed 
by others. In 1938, an expedition to the Murgab oasis 
(Turkmenia) led by N. I. Latyshev established that 67 per 
cent of the population of red-tailed and large gerbils were 
infected with cutaneous leishmaniasis. In the same year 
the disease was revealed in a thin-toed suslik. Subse- 
quently, investigations on gerbils for detecting natural foci 
of leishmaniasis became a matter of routine. 

The large gerbil (Rhombomys opimus Licht.) is a com- 
mon inhabitant of the deserts and semi-deserts of Central 
Asia. The animal lives in colonies, whose burrows pene- 
trate the soil in all directions, reaching a depth of one to 
three metres (Fig. 40). In some colonies the disease afflicts 
the entire population, in others the incidence is very low 
(one or five per cent of the animal population), despite 
the abundance of sandflies in the burrows, The explana- 
tion of this phenomenon has not been found. In experi- 
mental conditions, the large gerbil is highly susceptible 
to different modes of infection (inoculation with leptomon- 
ad cultures, transplantation of pieces of leishmanial tu- 
mors, sandfly suction). 
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The red-tatled gerbil (Meriones erythrourus Gray) forms 
considerably smaller colonies, mostly in the neighbour- 
hood of cultivated territory, on wastelands, in villages and 
city suburbs. The animal is highly sensitive to infection 
with cutaneous leishmaniasis, although diseased specimens 
in nature are extremely rare. Apparently, this is explained 
by less frequent contact with the vector. Despite that, the 
red-tailed gerbil may maintain foci of cutaneous leishman- 
iasis (Figs. 41, 42), 

Considerably less important in the epizootology of the 
disease is the midday gerbil (Meriones meridianus Pallas) 
and tamarisk gerbil (Meriones tamarisctnus Pallas), despite 
their high susceptibility to infection in experimental con- 
ditions. In foci situated in the upper reaches of the river 
Amu-Darya, the percentage of diseased midday gerbils 
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Fig 41 Small isolated township in Kopet-Dag foothills aboun n 
sandflies issuing from burrows of red tailed gerbils Cases of Sie 
ous leishmaniasis and sandfly fever noted among pop 

(P A Petrishcheva) 





Fig 42 Crude temporary structures on mountain pastures used as 

storm shelters for lambs Mass infestment with sandfles and many 

exit holes of red tailed gerbil burrows Cases of cutaneous leish 
maniasis recorded among shepherds (P A_ Petrishcheva) 


was three seven (N I Latyshev, P WV Kozhevnikov 
T P Povalishina, 1953) Only one diseased specimen of 
the tamansk gerbil was found in the lower reaches of the 
same river in 1951 (P A Petrishcheva) 

Readily susceptible to the infection 1s the thin toed sus 
hk (Spermophilopsis leptadactylus Licht) Spontaneously 
infected specimens of the latter occur less frequently 
than in the case of the large gerbil Likewise highly sus 
ceptible is the short tailed bandicoot rat (Nesokia indica) 
the large Transcaspian hedgehog (Hemiechinus albulus 
mayor), domestic mice (Mus musculus severtzov: and Mus 
musculus), the small hamster (Cricetulus mugratorius), 
lemmings (Lagurus lagurus) the rat ke hamster (Crice 
tulus triton) The latter two do not occur in foci of cuta 
neous leishmaniasis but may be used as laboratory mod 
els for experimental studies on cutaneous leishmaniasis 
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Vectors 


The vectors of the leishmaniasis pathogen are Diptera 
of the family Psychodidae, subfamily Phiebotominae 

Over 300 species of Phlebotominae have been descnbed, 
being distributed in all warm parts of the world The in- 
sects occur only in areas with no less than 50 warm days 
(the life cycle of a single generation) where the tempera- 
ture does not fall below 20° C for any considerable length 
of time In the eastern hemisphere the insects are mostly 
found in arid regions, while in the western, contrariwise, 
they inhabit humid areas, mostly forests, subtropical and 
tropical regions 

In the USSR sandfhes are spread through Turkmenia, 
Uzbekistan, Tay kistan, southern regions of Kirghizia and 
Kazakhstan, the republics of the Transcaucasia, the Cri- 
mea, southern Ukraine, and Moldavia The species most 
typical for the USSR are Ph papatasu Scop, Ph ser 
gentr Parrot, Ph caucasicus Mrz, Ph chinensis Newst Al- 
most all the species encountered in the fauna of the 
USSR may occur in abundance in large urban and rural 
settlements, as well as on uncultivated terrain in nature, 
where their entire hfe cycle is connected with wild ani- 
mals 

According to the new classification (O Theodor, 1948) 
the sandflies of the USSR are referred to two genera 
Phlebotomus and Sergentomyta The former includes four 
subgenera (1) subgenus Phlebotomus with one species 
Ph papatasu Scop, (2) subgenus Paraphlebotomus Ph 
sergent: Parrot, Ph caucasicus Marzinovsckyi, Ph mon 
golensis Sinton, Ph alexandrt Sinton, Ph andrejev Sha 
kirzjanova, (3) subgenus Laroussius Ph mayor annandale, 
Ph perniciosus Newstead, Ph kandclaku Schurenkowa, 
Ph smirnovt Perfitev, Ph keshtshiant Schurenkow1 Ph 
perfievt Parrot, Ph perfilievs var transcaucasicus Perfi 
lev Ph tobb: Adler &Theodor, Ph wenyon: Adler &Theo 
dor, (4) subgenus Adlerius Ph chinensis Newstead The 
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Fig 43 Sandfly infested cave im Kopet Dag foothills near Bagir 
(Turkmena) leptomonad infected sandflies revealed 
(P A Petrishcheva) 

genus Sergentomyia includes two subgenera (1) subgenus 
Sergentomyia with the species Ph arpaklensis Perfiliev, 
Ph graekovi Chodukin, Ph sogdtana Parrot, Ph sumbanca 
Perfiliev, Ph pavlovskyt Perfiliev, Ph minutus Rondant, Ph 
squamipleuris Newstead, (2) subgenus Sintonius with one 
species Ph clyde: Sinton 

Of these, seven species have been described by Soviet 
authors Sandflies are widespread in undeveloped nature 
throughout a variety of zones 1n the subtropical regions 
of the Soviet Union, including all types of torrid deserts, 
semi deserts and steppes, woodland and scrub, the banks 
of nvers, irrigation canals, springs, etc A rich sandfly fau- 
na has been discovered 1n the alpine regions of the re- 
publics of Central Asia (Figs 43-45) 
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Fg 44 Crude structure used as nght shelter for goats in hopet 
Dag mountans abound ng in sandfles comng from burrows for 
blood meals (P A Petrishcheva) 
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Fg 45 Daytme shelters of sandfles under scattered boulders in 
unpopulated mounta ns south western Kopet Dag 
(P A Petrishcreva) 
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Fig. 46. Sandfly inhabited hollow in old walnut-tree 
(P. A. Petrishcheva). 


At present more than 300 species of animals and birds 
have been discovered, whose nests, burrows, lairs and 
shelters are inhabited by sandflies. The greatest abundance 
of sandflies occurs in the lairs and burrows of large ani- 
mals such as the fox, wolf, jackal, porcupine, large gerbil 
(Rhombomys opimus Licht.), etc. Mass reproduction of 
sandflies is possible in caves and grottoes inhabited by bats, 
lizards and other animals (Figs. 46-48). 
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Fig 47. Second year of cultivation in small area of Central Kara- 
Kums Recently constructed homes infested by sandflies Human cases 
of cutaneous leishmaniasis on record (P. A Petnshcheva). 


Mass hatching of Phlebotominae, testified by findings 
of larvae, pupae, and the occurrence of newly-fledged spec- 
imens, was recorded in the following places: (1) in settle- 
ments—in wall cracks and burrows of rodents, hedgehogs, 
and tortoises, in damaged wall bases of different buildings, 
in the basements of dwellings and service buildings, in 
half-ruined tombs in cemeteries, in burrows and fissures 
in yards, gardens and orchards (Figs. 49-50); (2) in nature— 
1 the burrows of the sarge gerbil and short-tarled band:coot 
rat (Nesokia indica) where, occasionally, from 400 to 500 
larvae and pupae are found per burrow; hatching may 
also occur in the burrows of the grey rat, caraco rat and 
other wild animals, (3) in birds’ nests, Phlebotominae re- 
produce comparatively seldom 

Among the Phlebotominae of the U.S SR. the following 
are vectors of zoonose cutaneous leishmaniasis: Phleboto- 
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mus sergenti, Ph alexandri, Ph caucasicus, Ph mongo- 
lensis, Ph papatasu, S arpaklensis, S sumbartca, S clydet, 
Ph kandelaku, S graekovt Spontaneous infection was 
revealed in specimens of these species captured 1n the bur- 
rows of gerbils affected with cutaneous leishmaniasis 
Many of the aforesaid likewise proved susceptible to ex- 
perimental infection A P Kryukova (1941) working in 
laboratory conditions, demonstrated the transmission of 
cutaneous leishmaniasis during the blood meals of Ph pa- 
patasi 

The incidence of spontaneous infection among individual 
sandfly species in natural foci may reach high levels, and 
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Fig 48 Loess cliffs in lower reaches of the Artek river Fissurcs and 
caves abound in sandflies Cases of cutaneous leishmaniasis noted 
among population (P A Pctrishcheva) 





Fig 49 Ruins of ancient bu Id ng in desert—harbourage of sandfl es 
(P A Petrisheheya) 


generally coincides with the same im the large gerbil Thus 
in south eastern Turhmenti the total incidence of cuta 
neous leishmamasts among large gerbils comprised 356 
per cent while the incidence of the Ieptomonad stige in 
the bodies of Ph papatasu and Ph caucasicus from the 
same burrows comprised 23 per cent (N I Latyshey 1941) 
In south western Turlmenia the sick rate among large 
gerbils compnsed 353 per cent while leptomonid carers 
among Ph arpakiensts from the same colonies comprised 
48 per cent (L G Suvorova 1953) In the Transunguz 
Kara Kum desert morbidity among large gerbils comprised 
only 5 per cent while the corresponding proportion of lep 
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tomonad carriers among Ph caucasicus from the same 
burrows reached an average of 20 per cent (A P Kryukova 
M A Shoshina L G Suvorova 1952) 


Collection of Vectors in Nature 


The problems of sandfly faun:stics biology and ecology 
and the study of the incidence of leptomonad infection 
among the former are of primary importance for the 
epidemiology of leishmamasis The collection of mature 
sandfhes in their natural habitats 1s essential for determin 
ing their fauna sn the given area as well as their seasonal 
population dynamics with a view to discovering the food 
predilections of individual species the percentage of lepto 
monad infected specimens etc 





Fig 50 Runed tomb in old cemetery—breed ng site of sandfles 
(P A Petrishcheva) 


Research in the vector's ecology and the development 
of co ordinated sandfly control necessitates the capture 
of live animals, the establishment of the breeding sites 
of Phlebotomus and the discovery of their pre-imago 
stages 

The capture of Phlebotomt 1s effected with the following 
equipment 

(1) Two cylindrical cases of rust-proof tin or alumimum 
to contain sheets of glue paper One of the cases should 
contain fresh paper, and the other, used sheets with sand- 
flies captured during an expedition 

(2) Army type spade for excavating the entrances of 
animal burrows, cavities and fissures in buildings and 
other places harbouring sandfhies 

(3) Scoop of strong meta! on a long collapsible handle 
(or common table spoon) for extracting burrow content 

(4) Canvas, leather or artificial leather field bag with the 
following notebook with soft black (non-lead) pencil, flat- 
bottomed test tube or box with strips of thick white paper 
for labels, flat bottomed entomological test tubes for col- 
Iecting sandflies, several glass cree! shaped exhausters or 
sandfly-catchers, with a device for inhaling the insects by 
means of a rubber tube, insect killer with potassium cya- 
nide or chlorophorm for collecting various arthropods in- 
habiting sandfly infested biotopes, hygroscopic cotton wool 
for pads, tweezers, pocket knife and scissors For momen- 
tary fixation of indwidual sandfly specimens collected in 
the most interesting biotopes, the field bag should be 
stoched with micro test-tubes (2X05 cm), jars with 96? 
and 70° alcohol and bottles with a 1 1 mixture of glycerin 
and alcohol For collecting sandflies by the wet technique 
at shelter exits, a paint-brush or cotton wool pad on 23 
stick 1s required For short eacursions, the said equipment 
1s augmented by an entomological insect net for collecting 
winged insects 

The most popular technique for collecting insects 1s 
by the use of glue paper Employing this method P A Pe- 
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tmshcheva succeeded in demonstrating the distribution of 
sandfhes through a wide variety of natural biotopes in 
Turkmenia, determining the seasonal and annual fluctua- 
tions mm the fauna of the vectors, the range of their flight 
over different types of terrain, and many other important 
items cqncerning the ecology of these insects The glue- 
paper techmque may serve to obtain objective estimates 
of the efficiency of sandfly control (Y N_ Pavlovsky, 
A V Gutzevich, P P Perfilyev, 1937, ¥V Y Podolyan, 
1947, P A Petrishcheva, 1952, V M Safyanova, 1954, et 
al) Glue paper may be used to catch sandflies in burrows, 
fissures and cracks in rocks, caves and other harbourages 
Careless removal of the sandflies from the glue paper may 
damage the hairs and sometimes the legs of the insects, 
but all the chitinous parts essential for identification remain 
intact Glue paper 1s made with the use of different oils, 
mainly castor oi! To increase the viscosity of low- 
viscous spindle oil, 1t 1s advisable to add 25 to 60 gr of 
rosin per litre of the former Vaseline oil may also be used 
with the addition of 160 200 gr of rosin per litre Low- 
grade oi! paper is the best material for the base Very soft 
paper is not strong enough and quickly dries, the use of 
thick paper ts inadvisable, since 1t takes a lot of oil and 
disintegrates 

The glue paper should be hung up in such a way as to 
utilise both surfaces 

The sheets are suspended in the places of expected day 
and night time maximum concentration of sandflies, and 
across their customary flight routes The glue paper should 
be hung up near live bait, eg, birds’ nests, rodent bur- 
rows, cattle stables, and close to human bedrooms For 
capturing sandflies in their natural harbourages, the glue- 
paper 1s placed in niches, caves and fissures, or folded in 
tubes and put into the entrance holes of the burrows of 
wild animals and birds 

For collecting sandMies in the corners of rooms with 
high walls, Y N Paviovsky (1942) proposed a racket like 
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device comprising a plywood panel 30X40 cm in size se- 
cured to a long wooden handle and covered with sticky pa- 
per. By running the racket along the walls at right angles 
to their surfaces, it is easy to catch insects about to fly, 
the latter getting stuck to the surface of the device. On 
removing the captured insects from the paper, it may be 
used again. Re-oiling requires considerably less oil. 

Sandflies are removed from glue-paper in the laboratory 
by use of a fine paint-brush or a thick pad of cotton wool 
held at the end of ophthalmological tweezers and dipped 
into 96° alcohol. By means of the paint-brush the insects 
are transferred into small entomological test-tubes with 
alcohol of the same strength. The sandfly lots collected from 
each control point are placed into separate test-tubes pro- 
vided with labels. The test-tubes with collected sandilies 
are plugged with firm wads of hygroscopic cotton wool 
dipped previously in alcohol, and are placed into a contain- 
er filled with 70° alcohol and supplied with a tightly fit- 
ting cover. 

The solution of a number of problems regarding the 
ecology, biology and epidemiological importance of sand- 
flies (investigations on the gonotrophic cycle, food predi- 
lections, flight range, morbidity rate and many others) is 
impossible without the use of live insects. 

Live winged insects are caught by means of various 
traps. Sandflies sitting on open surfaces are inhaled by 
means of an exhauster, which presents a glass tube 15-20 
cm long with its fore end drawn inside in the shape of a 
funne) with an orifice 0.2-0.3 cm in dia. The open end of 
the exhauster is closed with a cork stopper, through which 
passes a thin glass tube five to seven mm in dia. with 
molten ends. The end of this tube pointing into the trap 
is tied up with a piece of mill gauze, while a rubber tube 
of respective diameter and up to 1.5 cm long is closely 
fitted on the outer end. A sandfly sitting on an open sur- 
face is carefully covered with the funnel and drawn in 
by inhaling air through the rubber tube. Live sandflies may 
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likewise be caught with common test-tubes, in which each 
captured insect is separated by a tightly rolled wad of cot- 
ton wool. This method, however, is much less productive. 

As demonstrated by P. A. Petrishcheva et coll. (1954), 
a highly effective means of capturing sandflies abandoning 
daytime shelters in the evening and night, are different 
traps barring the entrance to the harbourage. The traps to 
be used for this purpose may be of several types. 

() Cylindrical, of white tin, 15 to 30 cm long and 7 to 
10 cm in dia. (Fig. 51). These traps are the most convenient 
device for catching sandflies in rodent burrows and birds’ 
nests. One end of the cylinder is shut by a lid, to which is 
soldered a funnel-shaped creel with a flight opening 0.3 cm 
in dia., pointing into the trap. Soldered to the other end is 





Fig. 51, Cylindrical traps for collecting sandflies leaving burrows; 
(V. M. Safyanova). 


a fine meshed metal net permitting free access of hight 
and air into the trap The trap may be used for collecting 
sandflies leaving and entering the burrow In the former 
case the creel-shaped end of the trap is inserted in the 
hole, and in the latter—vice versa On insertion, the trap 
should be covered with earth so that no sandflies penetrate 
between the walls of the burrow and the trap 

(2) Sandflies issuing from a burrow may likewise be 
caught by traps in the form of wide funnels whose wider 
end (15 to 20 cm in dia) covers the entrance to the har 
bourage, the narrower end being inserted in a test tube 
The test-tube may be substituted for a cloth bag with one 
side made of mull gauze, binding the bag to the tapering 
end of the funnel (Fig 52) 

(3) Creel shaped traps comprise a wire or wooden car- 
cass 25X25X25 cm in size, covered with fine-meshed net 
or transparent fabric (mill gauze) The trapping side 1s 
shaped as a creel and made of plywood, oil paper, tin, or 
celluloid At the end of the creel there 1s a hole 05 cm in 
dia The traps are placed over the burrows with their creel 
shaped ends upward in the hours preceding the sandflies’ 
twilight exit (Fig 53) 

The traps are installed before the beginning of twilight 
and morning flight of mosquitoes, in such a way that they 
should closely fit the burrow entrances If required, the 
device may be buried with earth To obtain viable insects, 
the traps are removed before sunrise or immediately after 
sunrise When carrying the creel to the laboratory, the 
sandflies should be protected from the effects of wind and 
sun, best of all in a bag cooled with a wet cloth or molst 
cotton wool 

Satisfactory results are obtained by capturing sindfies 
in cloth traps shaped as bells or canopies of various form 
and size These are employed for capturing insects cmerg 
ing at sunset from such harbourages as wells, garbage 
pits, toilets, cellars, caves, grottoes, niches, etc, the en- 
trance to which 1s covered with the bell or net A bell 
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Fig 52 Collection of sandfles from burrows of large gerbil by 
funnels covered with overturned test tubes (P A Petrishcheva) 





tion of sandflies from burrow of thats? -... 
Fig 59 Collecteishaped trap (PA. Petrishchevay SE Er 


trap made on the pattern of Monchadsky's counting bell 
(1939) modified by Berezantsev, may be used for estimat- 
ing the rate of sandfly attacks on a hive object out of doors 
Besides man, the function of live bait may be performed 
by any large amma) (the bell beng made to correspond) 

Vanous methods have been developed for capturing 
sandflies sn the mght with the use of lighted screens of 
different shape and size (P A Petrishcheva, 1954) The 
source of light may be a shaded oil lamp, electric bulb, or 
torch In field conditrons, it 1s conventent to resort to car 
headlights In nocturnal collections of sandfles resting on 
the walls of buildings, the purpose of a screen may be 
served by part of the wall illumined with an electric torch 
By use of electric lamp shades or reflectors, the size of 
the light patch on the :llumined wall may be adjusted as 
required When collecting live sandflies within service 
areas, it 1s advisable to use an empty, well whitewashed 
room ht up with electric lamps The windows of the room 
are left open until 12 p m (the time of mass flight) The 
sandflies are collected from the walls by means of exhaust- 
ers or test tubes 


Control Posts for Collection of Mature Sandflics 


In order to determine the fauna and seasonal population 
of sndflies in a given area, regular collection should be 
cont nued throughout the season, and in [ong term research, 
for several successive years at control points selected in 
advance and set up in various topographic zones of the 
area under study It 1s advisable to establish contro! points 
in premuses and harbourages inhabited by live bait, e8- 
human dwellings, shelters for cattle and poultry, burrows 
of wild anmals, birds, reptiles, etc, which the sandfies 
use as daytime retreats 

Gicntatlve estimates of 2 sandfly population are taken 
observing the following rules 
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1 Each control point 1s provided with a fixed number 
of sheets of glue paper to be hung up always in the same 
places and changed once in five to seven days throughout 
the season 

2 Hand collection 1s made after definite intervals at 
the same hour Maximum efforts are made to capture as 
many as possible of the sandflies occurring at the given 
moment in the place under survey When sandfles occur 
en masse, their numbers are counted per 1 sq m on dif- 
ferent sections of the horizontal and vertical surfaces of 
the given premises It 1s desirable to conduct not less than 
10 such counts The control points selected are entered 
under the respective numbers in a journal, accompanying 
the entries with the characterist:c features of each point 
Descriptions of control points should give the type of 
terrain, name of locality, character of biotopes, presence 
of vegetation, water reservoirs, hghting, humidity, tem- 
perature, natural hosts, and other aspects Subsequent 
observations conducted in the control point are recorded 
after the following form 
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When fixing collected sandflies in alcohol, the material 
should be supplied with labels carefully written in pencil 
(not lead') on strips of thick paper, or in Indian ink on oil- 
paper, which, however, 1s less convement in field condi- 
tions 
Sample of label 
Ashbhabad 
Kitchen farm locomotive repair shop 
Control point No 19 
Pig sty May 24, 1953 
L I Ivanova 
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Location of Breeding Grounds and Coll 
of Pre-Imago Stages oe 


Owing to its considerable practical importance, the 
exact location of sandfly breeding grounds has long been 
a subject of interest for many authors The first to discov- 
er sandfly larvae in nature was Grass) (1907), who found 
the larvae of Ph papatasu among the refuse in a dark 
abandoned cellar Marett (1911-1915) on Malta, Lambert 
(1918) on Lemnos and Hartley (1918) in Egypt discovered 
the breeding sites of sandflies in natural grottoes, wall 
fissures and destroyed foundations of human dwellings 
Later, the problem of breeding grounds was a frequent 
subject of study, and, it 1s necessary to say, a prominent 
part in developing the methods of detection belongs to 
Soviet authors 

In different climates, the location and basic types of 
breeding grounds tend to vary In tropical and subtropical 
regions with a warm, moist climate, a prevalent feature 
1s the diffuse distribution and superficial location of pre- 
imago stages, the breeding grounds covering large areas, 
mass congregations of individual specimens rarely occur- 
ring in single biotopes Inversely, sn regions of hot, dry 
climate such as Central Asia and North Africa, sandflies 
breed 1n ssolated shelters with a more stable microchmate 
The number of such shelters may be very high 

The simplest method of direct location 1s by manual 
sorting of substratum obtained from suspected breeding 
grounds and examined with a Iens The presence of pre- 
imago stages or cuticles discarded during moults, may 
serve as direct proof of the existence of sandfly breeding 
grounds in the given place This method fully justified 
itself in studies carned out in Central Asia (P A Petn 
shcheva, 1930, 1949, 1951, et al) However, in areas with 
diffuse location of pre imago stages, it proves too labo 
nous and insufficiently productive 

P Smith, Mukerjee and Chirangi, members of the In 
dian Kala azar Commission, working in Assam (1930) 
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examined the material from suspected breeding grounds 
by washing the substratum on a series of sieves with suc- 
cessively diminishing mesh, treating the residue by flota- 
tion on a fine sieve A similar, though slightly modified 
method was employed by P A Petrshcheva and N G 
Izyumshaya in Sevastopol in 1936 By washing and sub- 
sequently submerging the substratum in a concentrated 
solution of salt, the authors managed to reveal 155 larvae 
and pupae of sandflies in material obtained from suspected 
breeding grounds, which at the time presented one of 
the most abundant finds 

In hot, dry localities, pre 1mago stages are located by 
excavating the burrows of wild animals, which 1s a highly 
laborious operation, consuming much energy and time. 

Work of this kind may be undertaken only with substan- 
tial reasons for suspecting the presence of sandflies breed- 
ing grounds 1n a given harbourage The content of eacavat- 
ed burrows 1s put into bags of thick cloth, then firmly tied 
up and delivered as fast as possible to the laboratory To 
avoid the death of substratum inhabitants, the latter should 
be safeguarded against overheating and sunlight For this 
reason, excavation 1s best done 1n the early hours of morn 
ing 

Sorting 1s expedited by use of different types of thermo- 
eclectors (P A Petrishcheva, 1954), whose operative prin 
uple lies in the following The substratum 1s placed into 
wide funnels of white tin fixed in holders, piling the for- 
mer on to previously inserted pieces of large mesh metal 
netting The narrow end of the funnel 1s inserted into a 
Jar with water or a weak solution of alcohol and glycerin 
If hve material 1s required, an empty jar 1s partly filled 
with strips of filter-paper A powerful electric lamp 1s 
secured above the substratum, by means of which the 
latter 1s heated and dried Repelled by the high tempera- 
ture, the larvae and other substratum inhabitants move 
down the funnel and fall into the yar beneath 

In the works of P A Petrishcheva (1939) and others, 
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the substratum from suspected breeding grounds was 
maintained in a closed glass vessel in a normally moist 
condition The subsequent appearance of winged sind- 
flies on the walls of the vessel was assumed as proof of 
the presence of pre-imago st ges in the initial substratum 
L V Burakova and A A Mirzoyan (1934) proved the pos- 
sibility of sandfly breeding in hencoops by comparing the 
tate of entry and exit of the insects in this type of har- 
bourage N I Latyshev and A P Kryukova (1940) proved 
the incidence of sandfly breeding in gerbil burrows by 
ehminating the biotopes suspected as breeding grounds, 
and subsequently observing the flight of sandflies in the 
adjacent township The authors poisoned the burrows 
with chloropicrin, after which they blocked them with sotl 
After the elimination of breeding grounds, the numbers 
of mature sandflies in the locality fell sharply, which led 
te a reduction in the incidence of cutaneous leishmaniasis 
(Turkmenia, Murgab river valley) 

An extremely promising method providing indirect proof 
of the presence of sandfly breeding grounds, 1s Jong term 
blocking of the entrances to harbourages (suspected bur- 
rows) with traps of various design Tins method, devel- 
oped by P A Petrishcheva et coll, was employed in in- 
vestigations on sandfly breeding grounds m Turkmenia 
and in Sevastopol (P A Petrishcheva and N G Izyum 
skaya, 1938 P A Petrishcheva, 1952, 1953, V M_ Safya 
nova 1955) The procedure consists in bloching the burrow 
entrances for long periods of time With various types of 
traps The traps should allow free access of air and light 
mto the burrow which stimulates the sunset activity of 
sandflies If the entrance 1s blocked thoroughly enough 
all the msects leaving the burrow at twilight are caught 
in the trap! If breeding does not occur im the harboursge 
in two to three weeks all insects disappear Observations 


{ The traps are checked only by day when sandthes beep to their 
shelters 
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ot a single harbourage are continued for several months, 
the entrance being blocked afresh after every mspection 
The continued exit of males and young females from the 
harbourage throughout this period serves as conclusive 
proof of the presence of a breeding site 


Laboratory Procedures 


Specific identification of sandflies 1s carried out in the 
laboratory by means of a microscope For females, the 
basic diagnostic features are the structure of the oral 
cavity and pharynx, as well as the external seaual organs 
for males, the structure of the copulative organs and 
partly, of the oral cavity and pharynx, too Most types 
of males and all females may be identified only on total 
Preparations 

In preparatory treatment of the masses of material usu 
ally handled in the foct of leishmamasis, the method of 
choice 1s casting in gum arabic mixture (Fore-Berlese s 
hquid) The gum mixture comprises 5 p distilled water, 
3 p gum arabic, 5 p chloral hydrate, and 2 p glycerin 
The ready mixture 1s filtered through glass wool at a 
temperature from 40 to 50°C Before casting the sandflies 
conserved in 90° alcohol are carefully washed 1n distilled 
water and then transferred into a five per cent solution 
of sodium alkali to obtai transparency At temperatures 
from 28 to 30° C the latter process 1s completed within 
five to eight hours At room temperature the sandflies are 
kept in alkali for 24 hours After that the object 1s again 
Washed in distilled water and transferred into a drop of 
gum mixture on a slide By means of two well sharpened 
and degreased needles the insect's head is cut off aad laid 
beside the thorax in such a position that the capitular 
base should face upwards After that the drop of gum 
mixture with the spread insect 1s pressed down with a 
cover-glass 
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A still simpler method for producing sandfly prepara- 
tions 1s by confining them in Fore Berlese’s liquid (a mix- 
ture of 50 er distilled water, 30 gr gum arabic, 250 gr 
chloral hydrate and 20 gr glycerin) The sandflies are trans 
ferred into a drop of the mixture directly from the alcohol 
in which they were stored All further operations are per- 
formed as described above The ready preparations are 
placed into a drying cabinet for 48 hours at a tempera 
ture of 40 to 60°C 

Apart from the above procedures transparency 1s ob- 
tained by treatment with lactic acid (heating the mixture 
over a small burner flame) and in mixtures with carbolic 
acid (or in carboxylol, chloral phenol, or chloral lacto 
phenol) 

The oral, pharyngeal and spermathecal structure 1s 
examined by staiming, which renders the preparations 
more vivid and clearcut in mircroscopy A J Shchuren 
kova and A V Dolmatova (1938) proposed a procedure 
for simultaneous clanfication and staining m a mixture 
of one ml pure formic and 20 per cent pyrogallic acids 
(two or three drops) The mixture 1s prepared before use, 
the insects being stained during 24 to 28 hours at a tem 
perature of 37°C 

By Nicolis procedure (1954), dry and fixed sandfles are 
placed for one hour into a 10 per cent solution of caustic 
alkali heated to 70°C After cooling, the insects in the 
mixture are subjected to the effects of sunlight for three 
days Then they are washed and kept for an hour in a 
saturated solution of pyrogallic acid in alcohol For clari- 
fication, the insects are again left in the sun for three 
hours, pending which they are treated in alcohol xylol, and 
subsequently put into Canadian balsam 


Gonotrophic Cycle and Age of Females 


Sandflies are noted for gonotrophic harmony, 1c, ali- 
mentation and development of eggs proceed in paraltet 
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The insects have seven stages of alimentation, each cor- 
responding to a definite stage in the development of the 
ovaries (A A Murzoyan, 1937) In the course of the gono 
trophic cycle, changes occur in the Malpighian vessels and 
lubricating glands, which are filled with secrete parallel 
with the progress of blood digestion and development of 
ovaries 

By the method of A V Dolmatova (1949) the physio- 
logical age of female sandflies 1s determined through exam- 
ination of ovary structure The oviducts are examined 
within the sector formerly occupied by the mature ovule 
In females which have not laid eggs the ducts are smooth 
whereas after oviposition the latter for a time remain ex 
panded, and the ovaries, as 1t were, exhibit a net-like ap- 
pearance After a time, the oviduct walls contract, and 
during the first and second stages of the gonotrophic cycle 
expand again M A Shoshina (1951) proposed determin 
ing the age of females by the structural changes in the 
lubricating glands, as the latter become filled with secreta, 
beginning with the fourth stage of alimentatron In the 
subsequent gonotrophic cycles the size and shape of the 
glands are exactly the same as observed at the end of the 
first 

Determination of the age rate of female sandflies 1s 
essential for clarifying the epidemiological importance of 
individual species The more numerous the gonotrophic 
cycles undergone by females, the greater the potentuali- 
ties of their infection with the pathogen of cutaneous letsh- 
maniasis Besides that, the age composition of the sandfly 
population in daytime shelters serves as an index of the 
efficiency of control measures (A V Dolmatova, 1949) 


Laboratory Breeding 


The best food for sandfly larvae 1s organic detritus The 
larvae will readily develop on the eacreta of lizards, birds, 
rabbits, sheep, goats, and other animals From time to 
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time, garden earth, animal blood and rotting foliage may 
be added to the nutritive substratum A number of authors 
(Parrot, 1936, Donatien and Lestoquard, 1933 Nitzulescu, 
1930, Najera, 1950, Petrishcheva, 1935) proved that sand- 
fly metamorphosis may proceed on purely vegetable food 
(leaves from different plants, eg, mulberry, as in P. A Pe- 
trishcheva’s case) The best results are obtained on sub 
stratum prepared and stored in advance The dry excreta 
are ground and mixed in I J ratio with finely sliced plant 
feaves The mixture 1s moderately moistened and kept 
for 30 to 45 days in a warm dry place in firmly corked 
vessels 

The most favourable temperatures for sandfly metamor 
phosis le between 25 and 30°C Temperatures up to 
31 32°C act oppressively According to several authors 
engaged at various times with Central Asian species of 
Phlebotominae, the larvae of Phlebotomus are highly re 
sistant to the effects of low temperatures Thus, in the 
experiments of N I Khodukin (1927) the larvae of Ph 
papatasu lived under a temperature of —24°C for 24 
hours In experiments by P A Petrishcheva (1935) they 
survived —6° for three days, etc 

The development of the pre imago stages may proceed 
only under comparatively moderate or high humidity, but 
the presence of free water in the substratum acts oppres 
sively At 20°C, the larval stage continues for 30 to 35 
days, the first phase taking five to sia days, the second 
seven to eight, the third eight to nine and the fourth 
about ten In like conditions the pupal stage occupies 
from 10 to 12 days A number of authors (N I Khodukin 
1927, P A Petrishcheva, 1935, Theodor, 1934 I P Soko 
lov and J A Tarvit, [936 et afJ note the asyncirumous 
development of pre imago stages in different species of 
sandflies at laboratory cultivation 

Laboratory cultivation may be effected in various ves 
sels employed as nurseries, eg, wide neched flasks and 
bottles, cupping glasses, lantern glasses, wide test tubes 
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flower pots, etc The bottom of the nursery is lined with 
moist sand or hygroscopic cotton wool, with a covering 
of moderately moistened nutritive substratum The ves 
sels thus prepared are used for confining engorged sand- 
flies For the period of oviposition, the nurseries are bound 
with pieces of mill gauze, through which the insects may 
be regularly supplied with food Such covering also en 
sures normal ventilation At the end of oviposition the 
nurseries are tightly bound with surgical oilcloth to pre 
vent the substratum from drying and ensure constant hu 
midity within the vessel during metamorphosis The nurs 
eries are kept in darkness at a temperature of 25 to 30°C 

P A Petrishcheva developed a series of modified pro 
cedures for the mass cultivation of sandflies in laboratory 
conditions, eg, an experimental nursery shaped as a cot 
tage, portable nurseries, etc 

Sandflies are fed with the blood of conventional labora 
tory animals (1 e, rabbits, guinea pigs) They will also suck 
the blood of different wild animals and birds In additron 
sandfhes may be fed on large domestic animals and man 
When maintaining the insects in small! nurseries (cupping 
glasses test tubes), the mill gauze covered neck of the 
vessel 1s apphed to the clean sheared back of the animal, 
holding it thus until all the sandflies are replete with 
blood The broad ears of rabbits are highly convenient 
for feeding the insects When kept in larger nurseries of 
the type of kennels huts, boxes, etc, sandflies are fed 
on the clean sheared backs of rabbits or guinea pigs 
which are placed for a night in small cages inside the 
nurseries The animal should be brought into the nursery 
when sandfly activity 1s at the lowest, 1e, before dusk 
and removed on the following morning 

Apart from the blood of ammais, it 1s advisable to sup 
plement the insects diet with sugar syrup (1 to 3 per 
cent) which 1s served in 1 piece of cotton woo! placed 
into the nursery In large nurseries, a bottle with sugar 
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is installed, into which a loose cotton wool thread is low- 
ered. Sugar syrup may be substituted by bits of Tipe fruit, 
melons and water-melons, etc. The syrup and fruit should 
be changed daily. 

A. I, Lisova proposed feeding sandflies from a bladder 
made of skin peeled off the tail of a white mouse, The 
whole skin removed from the tail is filled with defibrinat- 
ed blood or (if artificial infection is envisaged) leishmani- 
al cultures. The open end of the skin is firmly tied up, 
and the whole is placed into a test-tube in which the ex- 
perimental insects are put as well. The sandflies pierce 
the skin with their proboscides and suck out the liquid. 


Investigation of Sandflies for Leptomonad-Carrlership 


To reveal sandflies infected with leishmanias, the in- 
sects must be tested for the presence of leptomonad forms. 
At first, females are singled out from the captured Jot, se- 
lecting those containing the remains of digested blood. Fe- 
males with non-digested (red) blood should be kept alive 
in the laboratory for several days. 

The insects selected for autopsy are killed with tobacco 
smoke or ether, then dipped for one second into 96° alco- 
hol and washed in distilled water. The dead sandflies ear- 
marked for autopsy should be placed in a test-tube which 
is then filled with alcohol. Further, the alcohol is swiftly 
poured off, after which the test-tube is filled with water, 
the latter being changed two times. In the course of wash- 
ing, the sandflies are turned over several times with a 
soft brush, which helps to remove the hairs (P. A. Petri- 
shcheva, 1954). Autopsy is carried out on a microscopic 
slide in a drop of sterile saline or boiled water. 

The operation is performed with two sharp preparing 
needles under visual control with a 10X-15% lens. With 
the left-hand needle the insect is held down by the thorax, 
the right one being used to cut off the head, after which 
the chitin between the posterior segments of the abdomen 
is cut open. On completing that, the right-hand needle Js 
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transferred to the end of the abdomen, and the entire ali- 
mentary channel, Malpighian vessels and ovaries are re- 
moved by a light movement towards the operator The 
intestine 1s disengaged from the other organs, opened, 
slightly pressed down with a cover-glass, and examined 
through a microscope with a strong dry eyepiece The 
leptomonads are easily noted by their swift movements 
Jf these are present, the glass 1s cleansed of chitinous 
remains aS well as particles of the insect’s organs and 
tissues Using a clean needle, a smear of the intestinal 
content 1s made on a slide, inscribing the latter with the 
corresponding data After that, the smears are fixed by 
three five minutes’ immersion in methyl or ethyl alcohol 
mixed with an equal amount of ether, and then stained 
after Romanowsky-Giemsa 

To open the pharynx, the back of the insect’s head 1s 
punctured with a needle a Iittle laterally from the median 
jine, the insect being held in place on the slide With the 
point of another well sharpened needle, close-set punc- 
tures are made along the inner margins of the eyes, after 
which the same needle ts used to pierce the capitular base 
Then, with a deft forward movement, the pharynx with 
the walls of the oral cavity are drawn out, accompanying 
the operation by slight movements loosening the capit- 
ular base The extracted pharynx 1s also used for smears, 
which are treated in the manner described above 

In some cases, the entire extracted intestine may be 
fixed (in Carnoys fluid, 96° alcohol, etc) and then cast 
in paraffin by the usual histological procedure, dividing 
it on a microtome and preparing and using microscopic 
samples in the usual way 


VISCERAL LEISHMANIASIS 


Synonyms kala-azar (black disease), infant le:shmania- 
sis, internal leishmaniasis, tropical splenomegaly, hachetic 
fever, erngewelde Letshmaniose (Germ ), leishmaniose vis- 
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cerale, leishmamose infantile (Fr), lesshmaniosis infantil, 
leishmantosis visceral (Sp ) : 

Visceral leishmamases belong to the category of dis 
eases transmitted from animals to man, and are peculiar 
to countries with a hot or warm climate The clinical man- 
ifestations are lesions of the viscera, chiefly, the spleen 
and liver, developing after the bites of small Diptera be- 
Jonging to the genus Phiebotomus 


Individual Forms and Their Distribution 


J The group of infant Jeishmaniases includes 

(a) Central Asian Jeishmamiasis, with foci occurring in 
the Transcaucasian and Central Asian republics of the 
USSR, 

(>) Mediterranean Jesshmaniasis, with foci in southern 
Europe Greece (with the Greek Archipelago), Bulgaria, 
Yugoslavia, Italy, Sicily, Sardima, Corsica, southern 
France, Spain, Portugal, Malta 

The disease 1s prevalent among children, with occaston- 
al adult cases Large outbreaks are unknown, the disease 
being mainly of sporadic nature Infection of man usually 
coincides with infection of dogs 

II The group of kala azar includes (a) Indian kala- 
azar, distribution coast of the Bay of Bengal, river val 
leys of the Indus and Brahmaputra, estuary of the Ganges, 
Madras, Calcutta, Bombay, Punjab, Delh, Lahore, 
Carnatic, etc, the same type of letshmaniasis 1s spread 
through Indo China, occurring in foothills and valleys with 
abundant rain and affecting people of all ages, occa- 
sionally prevalent among adults Canine cases have not 
been recorded, some authors considering that dogs in In- 
dia are unsusceptible owing to hereditary immunity de 
veloped from antiquity 

(b) Chinese hala-azar, distribution Shan-tung province 
of the Chinese People’s Republic, the most afflicted re- 
gions he in the vicinity of the Hwang Ho, isolated foct 
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occurring elsewhere, in some places, prevalent among chil- 
dren, in others—among both children and adults infec- 
tion in dogs and men does not always coincide 

(c) African kala azar, mostly occurring in north eastern 
Africa including parts of eastern Sudan and western 
Ethiopia, widespread in southern Arabia, prevalent among 
all age groups including children, foci with canine and 
human morbidity do not coine:de 

Ill American visceral leishmaniasis 1s distributed 
through a number of regions of Central and South America 
(Bolivia, Brazil, Colombia, Venezuela, Salvador, Dutch 
Guiana, Argentina, Mexico, Paraguay) Prevalent among 
children Human morbidity coincides with canine 


History of Research 


After the discovery of the causative agent by Leishman 
and Donovan, the study of the disease was put on a sci 
entific basis Beginning with 1904, the term visceral leish 
maniasis was applied to many severe diseases with an 
wregular febrile course, splenomegaly, and incidence of 
leishmanias in the spleen or marrow In Russia the disease 
has been known since 1909, when the disease was first 
diagnosed by Austrian physicians in a boy brought to 
Vienna from Tashkent Later the disease was diagnosed 
by E I Martsinovsky, M N Nikiforov, N V_ Petrov, 
M S Maslov and other workers 

In 1913 an expedition under V L Yakimov carried out 
successful investigations of leishmamases in Central Asia 
(V L Yakimov, 1915) In general, Russian scientists have 
made valuable contributions to the study of visceral leish- 
maniasis Especiaily notabfe in ths respect are the works 
of the Soviet scientists E I Martsinovsky, V L Yakimov, 
N I Khodukin, with numerous disciples and followers 
(F P Shevchenko, M § Sofiev, A I Lisova et al), 
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A. S. Artamonov, A. V, Burova, I. A Kassirsky, L. I. Isa 

fi . WTA, , L. 1. Isayev, 
N. 1 Latyshev, P, P. Popov, G, M. Maruashvili, N. A, Mir- 
zoyan, and many others, 


Clinical Features 


Visceral leishmaniasis has a chronic course, continuing 
from six months to two-three years and more. Occasional- 
ly, however, the disease proceeds acutely. Incubation takes 
from three weeks to ten months. The temperature curve 
is highly variable, producing irregular peaks up to 40° 
and dropping to 36-38°C with intervals from several days 
to twa weeks. Sometimes there are no marked febrile 
attacks, although the marrow reveals leishmanias. Occa- 
sionally, there may be two temperature peaks in 24 hours. 
Diseased children evince apathy, retarded development, 
anemia and severe distrophy. Shortly after the onset, the 
spleen may attain a length of 10 to 20 cm, reaching the 
Jevel of the V-VII ribs. 

Splenic dimensions may vary considerably within a short 
period, even in 24 hours. The liver is enlarged and hard. 
The patient shows an enlarged, strongly protruding, 
strained, and sometimes painful abdomen. Also enlarged 
are the peripheral lymphatic nodes. The course is sluggish, 
with obliterate manifestations of the characteristic clini- 
cal symptoms. 

The skin is dry, occasionally becoming wax-coloured, 
or, as in Indian patients, dark, whence, locally, the disease 
is called kala-azar or “black illness”. Occasionally, small 
petechiae appear on the skin, In severe cases subcutaneous 
hemorrhage is possible. Ulceration may occur in different 
areas of the skin. The mucous membranes are pale. At 
times, there is edema of the face and limbs with marked 
emaciation. Patients gradually lose weight, and for want 
of specific treatment, may develop severe distrophy. 

If, initially, diagnosis may be difficult, the subsequent 
Clinical picture is so typical that cases are casily identl- 
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fied even by inexperienced specialists with minimum 
knowledge of the disease (irregular fever, strongly enlarged 
abdomen, large hard spleen, enlarged liver, general pallor, 
sharp distrophy). 

Of late, a somewhat increased incidence of visceral 
leishmaniasis has been observed in a number of regions 
of Asia and Africa. The epidemic wave has involved lo- 
calities where previously the disease was either unrecord- 
ed or known from sporadic cases. 


Laboratory Diagnosis 


Laboratory diagnosis of visceral leishmaniasis is effect- 
ed by the following procedures: (1) examinations of mat- 
ter from punctures of the marrow, lymphatic nodes, 
spleen, and (in exceptional cases) blood, for the presence 
of leishmanias; (2) investigation of the primary lesion (if 
revealed) for leishmanias; (3) serologic tests: complement 
fixation, formol treatment, Chopra’s tests, etc.; (4) skin 
tests. 


Punctures of the Marrow, Lymphatic Nodes and Spleen 


Marrow punctures reveal leishmanias in most cases of 
visceral leishmaniasis. The marrow is obtained by punc- 
ture of the manubrium ste:ni after M. I. Arinkin (1927). 
When effected by a specially protected necdle, this proce- 
dure is quite safe for the patient. Also applicable are punc- 
tures of the crista iliaca after O. D. Boldyrev and M. S. Ma- 
karova (1946), scapular puncture after L. M. Friedman 
and G. Y. Odishvili (1954). Ramos, Prats and Oppen- 
heimer (1956) proposed puncture of the tibia in child- 
ren under one year, and after that age—of the crista 
iliaca. . 

The punctates are used for smears made on microscopic 
slides to be fixed in methyl! or ethyl alcohol (in the latter 
case, preferably, with an equal proportion of ether) for 
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three to five minutes and stamed hy the Romanowsky - 
Giemsa method The leishmamas usually occur in the pro- 
toplasm of monocytes, endothelial cells, etc, but may 
also be found outside cells The smears should preferably 
be accompamed by culturing on special media For this 
purpose, drops of the punctate are injected from a syringe 
into three-five test-tubes contaimng the media 

Puncture of the lymphatic nodes 1s also effected by the 
conventional procedure This method, however, is less sat- 
tsfactory for diagnosis, since here the letshmantas occur 
less frequently, and the lymphatic nodes are usually not 
increased 1n the initial stage of the disease Puncture of 
the spleen 1s seldom practised, being dangerous for the 
patient 

The blood 1s tested by moculation into special media, 
as well as microscopy of smears, thick films and cen- 
trifuged samples Leishmanias do not always occur in the 
peripheral blood, and if they do, are not numerous In cen- 
trifugation, leishmanias are usually found in the precipi 
tate The blood 1s mixed with a hauid of the following 
composition 9 gr salt, 04 gr potassium chloride, 02 gr 
calcium chloride, 10 gr sodium citrate, ) litre distilled water 
To this mixture are added 5 mi of blood, the whole be- 
ing centrifuged at a speed of 750 rpm for three-five 
minutes 

Investigations have shown that at inyect:ons of neoste- 
bosan and adrenalin 1 1000, subcutaneously, leishmanias 
appear in the blood after 10 to 15 minutes 

Examination of primary leston Sometimes the skin at 
the site of the sandfly bite reveals a primary lesion in the 
form of a papule, usually covered with a crust By scanfi- 
cation or puncture, it 1s possible to obtain a drop of 
a moxture of serous-sanguinolent fluid to be used for 
smears (on slides) which are treated in the conventional 
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Culturiog 


In the diagnosis of leishmaniases, especially of the vis 
ceral type, pathogen culturing 1s of major importance Not 
infrequently, it 1s more rehable even than the simpler 
Procedures involving microscopy of marrow punctate, 
blood, ulcer content, etc Culturing may also be employed 
in diagnosing certain cases of cutaneous leishmaniasis 

At present, a fairly extensive choice of procedures has 
been proposed Literary reports are available on success 
ful attempts at breeding leishmamias in tissue cultures, 
inoculating the latter with leptomonads (from the respec 
tive cultures) or leishmanial forms (from the viscera in 
visceral leishmaniasis) In tissue cultures, the leptomonads 
develop into le:ishmanias 

Inoculation 1s best effected in a large number of test 
tubes closed with cotton wool stoppers and sealed with 
Paraffin or covered with rubber caps The materials for 
moculation are peripheral blood and marrow, lymphatic 
or spleen punctates, or matter from ulcers or lymphatic 
nodes Prior to inoculation, the blood may be centrifuged 
taking the leukocyte layer (above the erythrocytes) for 
culturmg The optimum temperature for the procedure 1s 
22-25°C 

With conventional culturing procedures, flagellate forms 
of leishmanias may be revealed on the second or third 
day In cases when very few leishmanias occur in the test- 
tube, they are revealed later, viz, after seven to ten days 

Medium NNN (Novy, MacNeal, Nicolle, 1904) Compos 
tion agar 14 gr, sodiwm chloride 6 gr, distilled water 
900 ml 

The agar 1s dissolved under heat, filtered through gauze 
ar cattan wool poured into test tuhes and stenlsed 10 an 
autoclave To the sterile molten agar with a temperature 
of 48 50°C defibrinated rabbit blood 1s added in a ratio 
of one part blood to three parts agar The blood and agar 
are thoroughly mixed by rotating the test-tubes between 
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the palms, and the mixture is left to solidify in a tilted 
position. The test-tubes- containing solid media are set 
vertically to compel the condensing water to flow bottom- 
wards. If the ready medium is not for immediate use, 
it may be stored for some time on ice. To Prevent drying, 
the cotton wool plugs are sealed with paraffin or covered 
with rubber caps. One to two ml of 0.5 per cent peptone 
solution may be added to the medium. Leishmanial 
growth may be observed on the third or fourth day, Re- 
culturing on fresh media is effected once in two or three 
weeks. 

G. M. Paronikyan (1948) proposed stimulating the 
growth of leishmanias by adding human serum in halves 
with saline in doses of 0.5 ml per test-tube of condensed 
solution. 

Kryukova’s medium (1942) presents a modification of 
the preceding, in which fresh blood is replaced by over- 
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Serodiagnosis 


Serologic methods are used primarily for diagnosing vis- 
ceral leishmaniasis in man and dogs. 5 

The most widely-used are complement fixation, formol 
tests and Chopra’s antimony test. 

Complement fixation. This reaction is effected by the 
conventional procedure with antigens from specific sub- 
stances, e.g., leishmanias, and non-specific matter like Ke- 
drovsky's acid-fast bacteria. Antigens for leishmanias are 
prepared by different methods. ; 

(a) The spleen of a hamster or suslik infected with 
leishmanias (contained in large quantities) is crushed in 
a mortar, then smeared on glass and dried. After eight to 
ten hours the dry tissue is scooped off, pulverised, and 
stored in a glass vessel on ice. Prior to use, 20 mg of the 
powder is dissolved in 1 ml of saline. In complement fixa- 
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tion, the supernatant fluid 1s used as the antigen Pro 
longed storage reduces the antigen titre 

(b) Leptomonad forms of leishmamias, obtained in cul- 
ture, are used as a substance for antigen preparation To 
the centrifuged leishmanias, Koch’s fluid (05 per cent 
NaCl, 05 per cent NaHCO,, and 04 per cent phenol) 1s 
added 1n such proportion that 1 ml should contain ap 
proximately two milion leishmanias This suspension 1s 
left for three days at room temperature, all the work be 
ing done in strict sterility, after which the suspension 1s 
centrifuged, using the supernatant fluid as antigen 

Other methods of antigen preparation have been pro 
posed as well 

In preparing the antigen suspension, it 1s desirable to 
use not only the same species as expected to be found in 
diagnostic tests, but if possible, the local strains of the 
pathogen Preparation of antigens from non specific sub 
stances 1s usually accomplished with Kedrovsky’s bacte 
tia In recent years, this method has found renewed use 
in the diagnosis of visceral leishmaniasis 

The formol test 1s used exclusively as a pilot procedure 
for diagnosing a number of diseases sn man and animals 
The test is based on the clotting of the patient’s serum 
at addition of formalin 

Chopra’s test is based on the formation of a white ring 
at the point of contact between a patient’s serum and anti 
mony preparations After placing the patient's serum into 
a small, narrow test-tube, a four per cent urea stibamine 
solution 1s very carefully poured by drops down the test- 
tube wall In positive cases, an opaque white ring appears 
at the point of contact between the liquids 

Brahmachart’s test. 3 ml of distilled water are added 
to 1 ml of a patient’s serum In positive cases, mixing of 
the serum and water produces a white diffuse precipitate 
accompanied by a milky white opacity in the rest of the 
liquid The same principle 1s used in the tests proposed by 
Roy (3921) and Sia (1921-1924) 
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‘ Intracutaneous Test 


The allergen for the skin test 15 prepared by the same 
Procedure as in the case of the antigens used for comple- 
ment fixation Some authors add an 04 per cent phenol so 
lution to the antigent, 

The allergen 1s introduced into the skin tissue in a dose 
of 01 ml The results are considered positive if after 24 
hours a red papule develops at the site of injection, and 
increases for 48 hours After five days the skin effects 
disappear completely As a control, the same amount of 
Sterile saline 1s injected as well The skin test 1s regarded 
as specific and is usually employed for diagnosis of 
cutaneous leishmaniasis, although it may be used for 
visceral leishmaniasis as well 

In each individual case the allergen should be prepared 
from the corresponding species of leishmanias (E A Pav- 
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Natural Focality 


N I Latyshev et coll (1946) were the first to obtain 
conclusive proof of the zoonose origin of visceral leish- 
maniasis among workers on new projects in the Vakhsh 
valley (southern Tajikistan) In this previously unpopulated 
area 30 adults and children contracted the disease in the 
course of two years In three out of nine jachals tested, 
smears of the spleen and liver revealed enormous numbers 
of leishmanias, the jackals being caught in the vicinity of 
the construction site, where no adequate accommodations 
had as yet been erected One out of the three jackals caught 
160 kilometres from the site revealed lershmanias in the 


1 Furtado and Pellegrino (1956) in diagnosing Brazihan aay 
leishmaniasis, made successful use of intracutancous tests min an 
allergen prepared from leshmanias and the poly saccharide fraction 
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viscera as well Hence, the incidence of visceral leish 
maniasis among the workers was justly associated with 
jackals, who are natural reservoirs of the pathogen which 
1s transmitted to them by sandflies After careful analysis, 
all other explanations of the infection among the workers 
were ruled out 

Thus, in an uncultivated area of the Vakhsh valley, jack 
als had acted as spontaneous pathogen carners, similarly 
to dogs in old rural and urban foc: of visceral leishman 
1asis Total sanitation of the area was achieved after the 
completion of the latter’s economic development, viz, 
after the appearance of large cotton plantations The 
jackals migrated to a considerable distance from the con 
struction site, and the sick rate fell to nil, despite the 
arrival of fresh groups of settlers The natural foci of the 
infection could no longer exist in the newly settled area 

In the USSR, there had earlier been many conjectures 
as to the potential importance of jackals in the epidemi 
ology of visceral leishmamasis The subject was raised 
by N I Khodukin (1946) who observed cases of leishman 
1asis among people living near an old cemetery in Tash 
kent, where dogs were absent Jackals had taken up their 
abode in abandoned graveyards, the common breeding 
ground of sandflies Also of interest is the statement of 
P A Petrishcheva on the discovery in 1953 of leishmanias 
in the spleen of a porcupine (Hystrix hirsuttrostris satun- 
int, Muller) The diseased porcupine was found in Turk- 
menia in a sparsely populated desert area The region in 
question was frequently noted as the site of visceral Jessh- 
mantasis contracted by people in contact with nature, 
the jackal being a common inhabitant of the locality 

The carcass of the porcupine with leishmanias in the 
viscera, was most piobably stolen in the night by jackals, 
whose burrows were found near the porcupine's This fact 
indicates another route for circulation of visceral leish 
maniasis, viz, through carmvores devouring diseased an- 
imals (P_ A Petrishcheva) 
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As yet no special works have been published on the 
natural focality of visceral leishmaniasis 

Sporadic cases of the disease 1n rural localities are the 
result of people (herdsmen, melon patch watchmen work 
ers at new construction sites) remaining for long periods 
in nature In cities, the highest sick rate 1s observed on 
the outskirts, where contacts with natural reservoirs of 
infection are also most frequent 

Of late, world literature has contained many statements 
of like content R hirk (1956) working in north east Af 
Tica, established that the majority of cases occur among 
the rural population of all ages at frequent visits to wild 
nature During the second world war, outbreaks of the 
disease occurred among European troops stationed for a 
long time in Ethiopia and British Somaliland In surveys 
covering domestic and wild animals, leishmanias were 
found in monkeys and foxes (Kirk, 1956) Spontaneous 
leishmaniasis was revealed in the squirrel (Morocco) and 
the cat (Sarrouy, Combe, Gillot Algeria, 1956) In north 
eastern Kema leishmanias were revealed in hamsters in 
fected by introduction of suspensions of crushed organic 
tissues from the mongoose and gerbil, which permits these 
animals to be regarded as natural reservoirs of the disease 
(Heisch 1954) In northern China, where visceral leish 
maniasis occurs among dogs and people, the animals 
found susceptible to experimental infection included the 
chipmunk (Eutamias sibiricus), zocor (Myospalax fonta 
mori) and daunan sushk (Citellus dauricus), although 
naturally infected animals have as yet not been found 
(Wang Chao tsun, Wu Cheng chien 1958) In Spain, the 
African ground squirrel Xerus gettlus is considered to 
be a reservoir of the disease (A Luengo, L N@yera, 
M Lozano) 

In Brazil the infective agent of visceral leishmaniasis 
was found in the viscera of four out of 33 foxes (Lycalo 
pex vetulus) and 49 out of 936 dogs Dogs maintain the 
epidemiological chain in towns, while foxes may assist in 


836 


the occurrence of sporadic cases among the rural popu 
lation (L M Deane, 1956, 1958) 

Recently, it was proved that in dogs visceral leishman 
lasis begins with skin lesions on the nose and lips, where 
a primary depot of leishmanias 1s formed (L M _ Isayev 
and F I Ryazantseva, 1958) Initially, the skin of the 
nose and lips 1s depigmentised, following which light grey 
or pink grey miliary nodes appear, some of them develop 
ing ulcers Scrapings and drops of liquid from the latter 
reveal leishmanias When the pathogens pass into the 
lymphatic nodes, liver, spleen and marrow, the disease 
becomes general 

Leishmanias may hkewise be found in microscopic sec 
tions of afflicted skin The liquid or suspension from node 
scrapings 1s tested by culturmg Marrow puncture in dogs 
may be effected by the procedure proposed by V L Be 
layeva (1954), the site of puncture being the VI and VII 
tibs, and the operation bemg made with the needle of a 
one gram Record type syringe 

At autopsy of dogs suspicious for visceral leishman 
lasis or diseased, visceral smears and cultures are obtained 
from ‘dry’ pieces The smears and prints should be 
made as thin as possible and contain the least possible 
amount of blood G Simich et coll (1957) infected susliks 
with a suspension of dog viscera and discovered the dis 
ease even when examination of organic smears from the 
same dogs gave negative results 


Vectors 


In Central Asia, the usual vectors of visceral Jeishman 
iasis are Ph papatasu, Ph caticasicus (M S_ Sofiev, 
™M P Vaviiova, L S Umidova, 1393), the tater being 
easier infected with the pathogen than the former (A I Li 
sova, 1957) In Georgia, Armenia and Azerbayan, the vec 
tors of visceral leishmaniasis belong to the mayor group 
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In Georgia, spontaneous infection has been found in 
canes and Ph kandelaku (G M Maruashvih, 

In ancient foci of visceral feishmamiasis in the Chinese 
People's Republic, the principal vector 1s apparently Ph 
chinensis (Wang Chao tsun, Wu Cheng chien, 1958) In 
India, the principal vector of the disease 1s Ph argentipes 
(J Sinton, 1927, H E Shortt, A C Craighead, C S Swa 
minath, 1928, C S Swaminath, H E Shortt, L A Ander 
son, 1942) 


Experimental Study 


Inoculation of the pathogens of rural cutancous leish 
mamniasis 1s effected by placing a small piece of tissue 
with le:shmanias into a skin pocket made at the root of 
the tail of a white mouse In rodents, the pathogen may 
also be introduced into the auricle, the skin of the thigh, 
etc A P Kryukova (1940) was the first to infect a large 
gerbil through sandfly bites, after 15 days of incubation 
pending the infective blood meal 

At artificial infection, the disease in white mice often 
becomes general 

Experimental studies of visceral leishmaniasis are made 
on hamsters and white mice, as well as susliks, dogs, 
monkeys, and certain other animals G M_ Paronikyan 
(1959) successfully infected white mice with L donovani 
from cultures by injection into the caudal vein 

Leishmanias are easily revealed by culturing In the 
experiments of G M Parontkyan, the pathogens were 
most often isolated from the spleen of infected mice (92 
per cent of aif cases}, which was faliswed m frequency 
by the liver and blood Stauber (1958) demonstrated 
that golden hamsters contract the disease and die after 
intracardiac injection of a single specimen of the Khar 
tum strain of visceral leishmanias, whereas cats and rab 
bits are not killed even by large doses of the parasite Cot- 


338 


ton rats are susceptible but may carry large numbers of 
the parasites without dying of leishmamasis Gerbils and 
guinea pigs are susceptible to leishmamias, the parasites 
in their bodies increasing in number for several days after 
infection, but then disappearing 


Prophylaxis 


The extensive use of contact insecticides—DDT and 
hexachlorane preparations—has played a major part in 
the control of sandflies in rural and urban settlements 
More vivid results were gained in areas where organised 
measures of sandfly control were adopted in the foc: of 
sandfly fever Thus, for instance, many settlements in the 
Crimea were purged of mass sandfly infestment and pap 
pataci fever (F T Korovin, S N Nikolayev, P P Perfi 
lyev, 1949, A V Dolmatova, 1955) Favourable results 
were obtained with sandfly control in Turkmemia, where 
sandfly fever was completely eradicated in the course of 
three four years, with a parallel drop in the incidence of 
cutaneous leishmaniasis 

In all mass infested foci, the first step to adopt js total 
chemical treatment of domiciles and services twice a sea 
son The success of spring treatment determines the 
scope of the second campaign to be carried out in mid 
summer If the post hibernant generation has been proper 
ly suppressed, the second round of total treatment may 
be omitted, being replaced by focal treatment, 1e, apply 
ing the insecticide in those districts or even separate hold 
ings where the isects appear in number or where cases 
of leishmaniasis and sandfly fever occur Focal treatment 
ts also to be applied in the second or third year, depend 
ing on the quantity of sandflies 

The described system may be modified, only by increas- 
ing, but never reducing the scope of the measures applied 
Thus, in localities infested by large numbers of sandflies 
and with cases of leishmamiasis and sandfly fever persist 
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ing in the second year, both described seasonal campaigns 
should be carried out full-scale. 

Along with the control of sandflies proper, measures 
against their breeding are also important. In this respect, 
priority should be given to general sanitary measures. 
Mass sanitation campaigns should involve the entire pop- 
ulation. The potential breeding sites must be treated with 
insecticides (N. V. Bespafova, 1957), The general expen- 
diture of insecticides against larvae and adult sandflies 
comprises 1.5 to 2 gr ADV per sq m of surface. 

The area purged of sandflies is safeguarded against re- 
newed infestment by selective treatment applied to the 
points where cases of leishmaniasis or sandfly fever are 
noted. Special care should be taken in safeguarding the 
outskirts of settlements which border on wastelands har- 
bouring rodent burrows, The immediate vicinity of settle- 
ments should be sterilised within a radius of 1.5 to 3 kilo- 
metres. 

With a high level of sanitary culture among the popu- 
Jation, the detection of Jeishmaniose patients presents no 
difficulties; sanitary education, however, should be an ob- 
ject of regular attention, the population being warned as 
to the importance of treatment in all fresh cases of the 
disease. 

Diseased dogs should be regularly rounded up and de- 
stroyed along with all stray mongrels and cats. Rodents in 
domiciles, services, gardens, orchards and parks should 
be regularly destroyed and their burrows blocked, 

In the first years of control, while the vector popula- 
tion has not been considerably reduced, measures must 
be taken to prevent the penetration of insects Into homes 
(netting up windows, switching off lights for the night, 
using bed nets, especially for children, ctc.). 

Somewhat more complicated are the preventive meas- 
ures to be taken against desert-type cutancous Ieishman- 
iasis in the natural foci thereof. When planning new towns 
and townships on undeveloped territories, it is necessary 
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to conduct preliminary surveys and mass contro! meas- 
ures against rodents and sandflies within a radms of no 
less than 15 to 3 kilometres around the site The basic 
sanitation measure for new areas subject to economic 
development 1s treatment with rodenticides and insecti- 
cides, fumigation of rodent burrows with insecticide-tainted 
car exhaust, chloropicrin, and other modes of poisoning 
On large new projects, rodent control may be effected by 
aircraft-scattered poisoned bait, the burrows being de- 
stroyed by modern ground-levelling machinery Medical 
workers should be consulted in the choice of new con 
struction sites 

At short-term visits to focal areas, individual protec- 
tive measures should be taken, including choice of camp 
sites at fasr distances from the burrows and lairs of wild 
animals, wearing of protective clothing, and use of repel- 
lents such as Pavlovsky’s head net, bed nets, etc 

Of major importance 1s prophylactic vaccination which 
artificially umparts unsusceptibility to the disease Mass 
moculations with live leptomonad cultures obtained from 
strains of zoonose leishmaniasis, carried out in Turkme- 
mia, proved a Satisfactory safeguard agamst both types 
of leishmaniasis (N F Rodyakin, 1957) 
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